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This document reports the proceedings of a workshop 
on Technological Literacy. The objectives of the workshop were: to 
review programs and to identify issues in technological literacy for 
liberal arts majors; to discuss mechanisms for the stimulation of 
appropriate additional technological literacy programs; and to 
develop an action plan for prc^ram, course, and faculty developa^nt. 
The body of the document includes the following: (i) opening remarks 
by the organizer, Dr. Russel Jones; (2) a review of past and present 
efforts in technological literacy; (3) invited views from the Liberal 
Arts and Engineering Colleges concerning differences between science 
and social science courses, the link betireen liberal arts and 
engineering, and broader issues in science, technology and society; 

(4) a summary of the breakout sessions reporting m curriculum 
development, courseware avail^llity and needs, student recruitment, 
faculty issues, a new consortium approach to prwBoting technological 
literacy, identification of funding sources, and issues of initiation 
and growth of new technological literacy curricula and programs; and 

(5) closing remarks. The appendix includes the workshop agenda, a 
list of participants, greetings from the sponsors, complete reports 
of the breakout sessions, findings of a survey of current programs, a 
listing of monographs published under National Liberal Arts support, 
a list of references, an annotated bibliography, and two proposals 
made by the workshop. (HDH) 
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ISSUES IN TSCH1I0IX>GICAL LITERACY FOR LIBERAL ARTS KAJORS: 
PROSPECTS AND RECOMMENDATIONS 



The Accredit:ation Board for Engineering and Technology, the 
Association of American Colleges, and the Nationca Science 
Foundation sponsored a Workshop on Technological Literacy for 
Liberal Arts Majors at the Georgetown Dhiversity Conference 
Center, Washington, D.C. during 6-8, May 1991. The workshop was 
organized by Dr. Russel c. Jones of the XTniversity of Delaware, 
Principal investigator of the Technological Literacy Project. 

The purposes of the Workshop were: 1) to review programs 
and to identify issues in technological literacy for liberal arts 
majors; 2) to discuss aechanisas for the stimilation of 
appropriate additional technological literacy programs; and 3) 
to develop an action plan for program, course, and faculty 
development. 

The invitational Worlcshop was attended by some 50 
participants, most of them deans of liberal arts and engineering 
colleges, and representatives of various organizations with 
activities in the technological literacy area. The Workshop was 
opened with a background and mission statement by Russel Jon'^ 
and with greetings from the sponsors. This was followed by a 
review of past efforts in technological literacy by Rustum Roy of 
Pennsylvania state University and Barrett Hazeltine of Brown 
University. Professor Roy docxmented the need for technological 
literacy and presented in detail the STS movement's approach to 
eliminate technological illiteracy. Professor Hazeltine briefly 
described the evolution of interest in technological literacy and 
some of the earlier conferences and their outcomes. Later 
portions of his presentation covered in detail the activities of 
CUTHA {Council for the Understanding of Technology in Human 
Affairs) and the Sloan Foundation projects. 

Professor John Truxal reviewed the ongoing efforts in 
technological literacy with a specific exaa^>le — high speed ground 
transportation — and generalized into various issues of 
technological literacy. His presentation clearly established the 
multidimensional aspects—technical (design), social, economic, 
environmental, and psychological — of technol^ical projects and 
the need for technologically literate citizens. He then reviewed 
constraints such as curriculum, students, faculty, and costs 
facing technological literacy education, and identified promising 
approaches . 

Professor David Billington of Princeton University presented 
his work on structures and machines. Through historical case 
studies of the Iron Bridge and the Rotary steam Engine, he 



described how technological literacy is synonymous with defxning 
aodem engineering. Included in his presentation were basic 
principles underlying the steamboat, according to some historians 
of technology Asierica's first xaajor contribution to modem 
engineering, and its iiqpact on society. 

In his broader issues presentation. President George 
Bugliarello of Polytechnic University presented the major 
prc^lems facing society such as poverty, unosployaent, and crime, 
and how technological literacy can help to solve these problems. 
He then reviewed some of the outcomes of new developments in 
science and technology such as globalization, environmental 
problems, and international security. Finally, he indicated that 
science and technology alone are not sufficient to solve these 
problems and underlined the need for a multidisciplinary 
approach, such as that typically envisioned in the STS movement. 

Thomas Wasow presented the division between "the two 
cultures" as viewed from the humanistic fields of study. He 
outlined the differences between science and social sciences 
courses. He explained, in detail, the courses and 
interdisciplinary programs at Stanford imiversity designed to 
enhance technological literacy of students through a system of 
distribution srequirements to guarantee breadth of study. One 
such course, "Introduction to Computers," deals with artificial 
intelligence, databases, spreadsheets, graphics, security and 
privacy, cozsputer systems, human factors, hardware, and networks, 
Later he identified problems encountered in faculty cooperation 
in teaching interdisciplinary courses and in the development of 
new courses at Stanford University. 

In his presentation on views from the engineering college, 
Curtis Tomplcins cited pros and cons concerning engineering 
schools offering technological literacy courses for non> 
engineering students. This was mainly based on a survey of 26 
engineering schools. Some of the major concerns of the 
engineering schools include their small faculty size, problems of 
cooperation from humanities and liberal arts faculty, financial 
viability, absence of reward or incentives for faculty, and lack 
of high school level knowledge of mathematics, chemistry, and 
physics in liberal arts students. Based on the views expressed 
by engineering schools, he identified an optimistic goal of 
increasing substantially the number of individuals, particularly 
young people, who are motivated, inspired, and prepared to learn 
on their own on a continuing basis eibout technological matters. 
He also noted the interest of liberal arts students in areas such 
as solid waste disposal, acid rain, global warming, and 
alternative fuels, and thus the need to provide basic principles 
about technology to interested students. 

Major portions of the Workshop were devoted to breakout 
sessions on specific issues — curriculiun, courseware, attraction 
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of studen'^, faculty issues, logistics, and funding directions. 
Joseph Johnston and David Reyes-Guerra chaired sessions on the 
generation of issues for the breakout sessions. Following is a 
suimary of each of the breakout sessions. 

The Cnrricnlim iteveloonent session vas devoted to the 
discussion of issues such as objectives of curriculum elements, 
instructional formats, and evaluation techniques for 
technological literacy programs. The curriculum discussion group 
focused on the issues of technological literacy as a design 
problem. As with many design problems, discussion was centered 
around critical dironsions such as the definition of 
technological literacy, the relation between technological 
literacy and engineering literacy, and content and process issues 
in technological literacy. In the discussion group itself there 
was an implicit assu^tion that technological literacy was 
equivalent to engineering literacy or literacy about engineering. 
There was also a general consensus that the communication process 
was more important in any technological literacy curriculum than 
any particular sszntfinfc. 

The Courseware Available session was concerned with the 
educational laaterials available to provide background to faculty 
members and for use in courses and laboratories. The group 
mainly focused on course content, forms of teaching materials, 
and results obtained so far. The group identified design 
process, critical thinking, and problem solving as the three 
major aspects of technological literacy coiurse content. 
Historical case studies and business school decision making units 
were the central focus of discussion on the forms of teaching 
materials. 

Attraction of students dealt with various issues involved in 
reaching out to selected groups of students. Issues discussed 
included the difference between liberal arts and engineering 
students in their attitude toward courses, and the differences 
between humanities and social sciences couz^es and engineering 
courses offered in a typical local environment. The group also 
discussed the problems involved in identifying more attractive 
courses and subjects, and the absence of any data about the 
students interest. To attract students, the group believed that 
course content should be aimed at specific target populations, 
and needed to be linked with the social environment. 

The Faculty Tasuea/Leaisties group discussed the problems 
associated with getting faculty interested in teaching courses, 
and the logistics of introducing technological literacy courses 
into the curriculum on a given campus. Attention was given to 
faculty teaching load, faculty reward system, and faculty 
member's career patterns. There were also discussions on the 
availability of funding for technological literacy programs and 
on the available curriculum materials. 
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The breakout session on courseware Seeded was devoted to 
discussion of 9aps in the available naterials and possibilities 
fcr new types of coverage and multiple foraats. The group spent 
a significant portion of its tiro in discussing book length case 
studies and explored the possibilities for acre historical case 
studies. Other fonas of educational materials discussed included 
films and videos, interactive and remote-site TV presentations, 
and computer softirare. 

The consertiim Approach group was concerned with the 
possible mechanisms for enhancing technological literacy 
programs, including the idea of consortia. This group Identified 
various institutions currently active in technological literacy 
and new institutions that can be encouraged or approached to 
become involved in promoting technological literacy. New 
mechanisms identified both for promoting technological literacy 
and for actually incorporating it into the curriculum include a 
common core curriculum requirement, a top down CEO approach, and 
state and regional consortia. Based on its discussions, the 
group also recommended short-term action elements such as 
declaring 1993 as the year of Technological Literacy, working to 
make technological literacy a general education requirement for 
all undergraduate programs, and mailing the executive summary of 
the conference to the heads of all appropriate engineering and 
academic societies and organizations. 

The task of the ymndina Directions group was mainly to 
identify various funding sources which might be approached to 
promote technological literacy. The group discussed the general 
issues related to funding and identified several potential 
funding sources. They were classified into four main categories: 
government, private foundations, industry, and colleges and 
universities, within the four categories, the group also 
identified a few specific agencies that are potential funding 
sources . 

The Stimulation cf Programs session was devoted to issues of 
initiation and growth of new technological literacy curricula and 
prograxiis. The group discussed the various opportunities to 
initi:ite new programs, and also to encourage faculty and students 
to become involved in technological literacy. Some of the 
opportunities discussed included holding annual conferences, 
publishing articles in journals, and arranging meetings with 
engineering deans (perhaps through ASEE) and liberal arts deans 
(perhaps through the Council of Colleges of Arts and Sciences) to 
discuss issues of technological literacy. 

The Technological Literacy Workshop provided a thorough 
review of current programs and issues, and set promising 
directions for the future. It became clear that technological 
literacy courses and programs should be offered at many more 
institutions, utilizing the models and materials developed over 
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the past decade or so. Engiiseerin? school leadership is 
centrally ii^rtant in starting and suK)orting such prograas, but 
liberal arts faculty should also be involved in the planning and 
inplesentation. 

It was suggested at the end of the conference that two 
follow-up thrusts were Bost appropriate: 

- Developaent of a national clearing house for 

technological literacy information and aaterials, 
building upon the base already developed. 

" Developaent of a aechanisa for pilot prograa initiation 
at additional schools, utilising experts from current 
programs as consultants and providing necessary start-up 
funding. 

The sponsors and leaders of the Technological Literacy WorXshop 
are pursuing these directions. 
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During the 19608 Americans recognized that they needed a 
better understanding of the iapact science and technology had on 
society in order to protect the environment » to ainiaize the 
discord caused by change, to sustain political and cultural 
values, and to insure the full participation of citizens in the 
economic and political system. In a world already reshaped over 
recent decades by nuclear weapons, new technologies of 
transportation and communication, and a host of innovations in 
agriciature, medicine, and many other fields, the pace of change 
gives no sign of slackening. The capabilities of our political, 
social, and economic institutions will be limited if a large 
portion of the citizenry is not aware of the i^lications of 
these changes. 

Over the last fifteen years universities and colleges, 
foundations, professional and higher education organizations, and 
state and f^eral governments have engaged in a vide variety of 
innovative activities to improve the science and technological 
literacy of a broad range of individuals. Thus far, the literacy 
programs that have been developed are diverse, often divergent, 
and normally focused on science. Technological literacy has not 
received the same emphasis, study, funding, or curriculum 
development as science literacy. Over the last five years 
efforts to overcome this serious shortcoming have come from 
individuals and organizations loosely identified with "science, 
technology and society" (STS) curricula and programs. Khile 
credit should be given to those involved in STS, technological 
literacy continues to be a largely untaiown quantity in higher 
education curricula. 

Investigations of literacy have discovered two areas of 
critical need in higher education. First, engineering majors 
were deficient in liberal azrts learning; and secondly, liberal 
arts majors were deficient in technological learning. In 1988 
the Accreditation Board for Engineering and Technology and the 
Association of American colleges completed a three-year study to 
develop a liberal arts curriculum for engineering majors. This 
study produced eight model course clusters and serves as a 
foundation for improving the quality of engineering education. 
While there are a number of programs underway that approach 
science literacy in a similar comprehensive fashion, a similar 
study of technological literacy is conspicuously absent. 

In view of the above, the Accreditation Board for 
Engineering and Technology (ABET) , the Association of American 
Colleges (AAC) , and the National Science Foundation (NSF) have 
developed a project entitled ** Issues in Technoltxrical Literacy 
for Liberal Arts Majors: Prospects and Recommendations" under 
the guidance of Dr. Russel C. Jones of the University of 
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Delaware. The Bain objectives of the Project: were to study 
existing prograas, curricula, and literature concerned with 
issues in technological literacy in higher education? to 
organize a workshop to address various issues identified; and to 
propose future efforts. 

This volume reports on the Workshop held in Washington, D.C. 
on May 6-8, 1991 as part of The Technological literacy Project. 
Its prograa focussed on: 

- Curriculun Oevelopaent 

- Course Development 

- Attraction of Students 
" Faculty Development 

- Funding Directions 

- Prc^ram Implementation and Evaluation 

- Consortium Approach 

The Workshop was attended by some 50 participemts, many of tham 
deans of liberal arts or engineering colleges, and heads of 
various non-profit organizations concerned with technological 
literacy. The diversity and escperience of the participants led 
to very stimulating discussions on these issues. 

This report is intended to present the full text of majc r 
presentations, and summaries of the proceedings of the Workshop. 
The last section of the report summarizes the major findings, as 
well as outlining proposed next steps in the Technological 
Literacy Project. The appendices of the volume include a list of 
Workshop participants, a brief report on current programs and a 
bibliography of books and periodical literature in the 
technological literacy field. 
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IMTRODPCTION/OPEWING REMARKS 



Russel C. Jones 
University of Delaware 



Welcoae to the Technologioal Literacy Wbrkshpp. This is the 
second in a series of projects done as collaborations hetveen the 
Accreditation Board for Engineering and Technology (ABET) and the 
Association of Aaerican Colleges (AAC) . It follows one that ABET 
and AAC did in 1986-88 to broaden engineering education through 
optiiU.zation of the huaanities and social sciences cosi^nent. 
ABET has required, for nany years, that one eighth of the 
curriculua of engineering students be in htuaanities and social 
sciences. It felt that it was not getting sufficient results for 
that investment on the part of a lot of students. The first 
project between AAC and ABET focused on that, and has had some 
beneficial results. 



As a second effort, ABET and AAC have chosen technological 
literacy for college students other than engineers. With an 
emphasis on liberal arts majors, including those liberal arts 
majors who are going to go on into teaching in K throuc^ 12, the 
focus of this trorkshop will be on technological literacy. We 
will try to find a way to complement the direction that AAC and 
ABET effected the first time around by trying to have some input 
from the technical side of the campus to the science and 
engineering component for liberal arts majors. Clearly the 
ultimate goal here is technological literacy for a broad 
population . 

Humanities & Social sciences For gnaineers 

Let me give you a capsule of the first study between ABET 
and AAC. The problem observed by ABET visitors over the years 
has been that engineering stu^-^nts tend to take an uncoordinated 
set of introductory level cov jea in humanities . and sr>cial 
sciences. The earlier project first went out and documented this, 
and presented its results in an AAC publication titled 
"Unfinished Design.** It documents what most engineering faculty 
members already knew, that engineering students tend to take lOO 
level courses only when they have to get into H&SS. They will 
try to get sections where there are at least three or four 
hundred students so there is little chance of them being 
stimulated or challenged personally. They will take whatever 
fits their schedule on Tuesdays and Thursdays at 3:00 o'clock in 
the afternoon or whatever fits between laboratories and 
engineering classes. To coiinter this attitude, the approach 
developed by the AAC/ABET project team was one of utilizing 
clusters of courses to provide appropriate depth of exposure. 
Figure 1 lists the clusters developed by the project team. 
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Figure 1 
SAMPLE CLUSTERS 



■ Management 

■ Public Policy and the Enviioninent 

■ American Studies 

■ Arts 

■ Great ideas 

■ International (e.g. Japanese Studies) 

■ Cognitive Science 

■ Not yet chosen 



This approach should guide students into taking sequences of 
related courses with vertical advancement in successive courses 
so that they will at least understand the ways social scientists 
emd humanists approach problems. The disciplines generally take 
approaches quite different than the ways an engineer or scientist 
approaches problems. 

Technological Literacy 

Our current project (the one we are here to deal with these 
couple of days) is technological literacy for college students 
other than engineers. One driving force behind this project, 
obviously, is the desire for an informed citizenry who can 
participate in setting policy on difficult technological issues, 
such as energy policy and pollution control. 

An approach related to technological literacy, the Science, 
Technology, and Society movement, has tried to work at this 
interface between technology and society. However, I am very 
concerned that we have drifted in a direction where too few 
technical people are involved. At any rate, there is a major STS 
movement which is typically focused on helping technical people 
understand the way things can go right and can go wrong as they 
deal with society. I think it is a very valuable movement, but 
one that would benefit from the addition of further technical 
content and understanding. 
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One approach is to see whether we can get appropriate 
engineering faculty seabers involved by offering coiirses for non- 
engineers. A major issue is how difficult it is to get 
ez^rineering faculty meishers to taXe on additional tasks, 
particularly when they currently devote extensive tine to writing 
research and development grants and contracts. At any rate, this 
is sonething we would like to explore. We can point out that 
engineering enrollments are declining and this is a way to build 
their enrollments back up; and we can tell thes that this is a 
way to enter into the intellectual life of a caaipus instead of 
working over in a comer with their avn professional students. 

Let me come back to the particular ia^rtance of 
technological literacy for pre-coll^re teachers. Kany of us in 
the room are very concerned about the quality of K through 12 
education. We know that until we fix that pipeline, things are 
not going to be very good for us in higher education. So in our 
own enlightened self interest, we need to pay particular 
attention to those who will go back and work on that pipeline. 



It is not clear what elements should be in a technological 
literacy program. It appears that many of the things that are in 
ctirrent STS programs, such as history of science and technology, 
and the ethics of professionals dealing with the public, need to 
be included. What will an engineer or other technical person 
bring to such a program*-perhaps jointly done with the 
philosophers, the historians, the political scientists, and 
others on campus? 

One element that I think an engineer would bring is how 
technical things work. How does a computer work? How does an 
automobile work? This will provide a basis for exploring the 
roles of engineers in creating technology for society in response 
to its needs. 

Engineers would also contribute by exposing students to 
their unique approach to problem solving. Engineers use 
quantitative methods, consider tradeoffs, do trial solutions, 
utilize feedback — our own version of the scientific method 
perhaps. This approach is something very useful to try to 
transmit to non-engineering students, probably within something 
other than a lecture format, perhaps with a case study format. 

The third thing that I think engineers might bring to the 
table is elements of design. This could allow students to work 
from the front end of a project, instead of doing an analysis of 
what went wrong at Three Mile Island, or what went wrong in some 
major bridge collapse. Working frontwards through the design 
process the way an engineer does would be quite different in 
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appxx>ach than most of the STS courses would take. Students would 
look at the interplay of econoaics and aesthetics and a variety 
of other things that go into the design process. 

Finally, engineers would expose students to the elesents of 
team work. Most engineers today work less as individuals than as 
meabers of a team. How can we transmit that ability to broader 
society so that ve could get more teams to bridge across the 
traditional liberal arts field and the engineering field? 

I hope that you will help to improve this list of i^at 
engineers might bring to a technological literacy effort over the 
next couple of days, because there is expertise available at this 
workshop to sharpen that up considerably. 

Technological I^Lteraey Project 

The Technological Literacy project came about because the 
engineering leadership at the National Science Foundation thought 
that it was timely, and the appropriate next step after the 
project on better utilization of the humanities and social 
sciences component of engineering education. NSF agreed to fund 
this worlcshop effort to document and evaluate the current state- 
of-the-art in technological literacy, and to suggest directions 
for future efforts. 

What I and my graduate student colleagues have done over the 
past year or so is a reasonably ccmprehensive review of existing 
programs. X have visited many of the major programs in the 
country. We have looked at the curriculum materials, and have 
tried to provide you a summary of that in the packets you have 
been sent prior to the meeting. We have looked at the literature 
on technological literacy that covers what the experts are 
saying. We sent you a few samples of that type of paper in the 
packets that you hopefully read prior to coming to the meeting. 

Technological Literacy Workshop 

With that background we are here to conduct a technological 
literacy workshop — an invitational workshop of some 50 people in 
Washington. The outcome of this meeting will include a workshop 
proceedings covering both presentations and discussions. 

During the workshop we hope to identify those issues that 
are important, and I have tried to sketch those out in the 
program in terms of broad categories. We will have breakout 
sessions where we try to focus on such issues in depth, and 
hopefully make appropriate recommendations. For example, we 
should address whether there is something in technological 
literacy efforts to date that is worth trying to propagate across 
many more institutions than the reasonably small number of high 
quality programs that are currently in place. If there is indeed 
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sonething that shoiild be done further, how do we do It? Bow do 
we develop and sell a proposal that might result in the resources 
either on ixKiividual caa^uses or from soro esctemal funding 
source to aount such a pi ay ran? 

Lets look ahead to what we have put together over the next 
couple of days, We start with a few words of wsIotim froa 
sponsoring organizations, then a review of past effort in 
technological literacy by a coi^le of e3Q>erts, who have been 
instruBental in technological literacy efforts to date. Tomorrow 
Boming a review of soae ongoing efforts in technological 
literacy, then a series of aeetii^ that I call breakout sessions 
will generate appropriate issues to be addressed. After such 
breakout sessions we will get back together and share our ideas. 
The program includes a pair of discussions: one on how 
technological literacy and related fields look from the liberal 
arts college, and one on how they look tram the ei^ineering 
college. Then for those who want a snapshot: of stms real live 
technological literacy education. Professor Billington froa 
Princeton has agreed to give us a demonstration lecture on 
bridges and society so that you have some idea of what happens in 
such a course. Then we have a major speaker on broader issues in 
science, technology, and society for tororrow evening as part of 
our evening festivities. Back to work ffednesday morning with 
another set of breakout sessions on what needs to be done in the 
future. Then finally, a closing session on Wednesday on 
suggestions for an action plan that can be put together for 
groups like ABET and AAC and NSF, and perhaps a consortiiun of the 
organizations that are now already active in this field, to move 
forwaird with. 

That is where I hope we are going to go, but we on the 
Workshop staff are here to listen and take good notes as well. 
We will try to understand where it is that this group of 
distinguished people would hope the field of technological 
literacy would go, and how it should get there. 



13 

17 



TECHNOLOGICAL LITERACY 
PAST AND PRESENT EFFORTS 
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PAST EFFORTS TN TEOBNOIOGICAL LIT13tACY->gnTH& 

Barrett Hazeltine 
Brown univarsity 

"Much have I seen and known; cities of s»n 
And manners, clisates, councils, govemsents , ** 

Tennyson 



When Ulysses got back fros Troy, he needed to tell everybody 
what happened, and I feel sosewhat the saro. Like Ulysses, I can 
talk best about what I was involved in. X hope I will not 
overlook the contributions of others, axMi Z especially hope I 
will not overlook the contribution of any one in the room. 

A question that came up often, especially in the late 1970s, 
was why one would want to get into this business of teaching 
liberal arts students about technology. A flip answer was ay 
strong admiration for John Truacal and Hike visich and the 
challenge to see if I could do as well. A slightly less flip 
answer was because my dean was worried about enrollments in 1973 
or so — the balance of payments were unfavorable, we were sending 
engineering students out to take courses all over campus and none 
of the non-engineers were coming to us. 

Actually, a major impetus was a concern that students wanted 
to change the world but did not have any sense of what could be 
done. I recall about that time a campus meeting concerned with 
the Seabrook NUclear Plant. An otherwise sensible person with 
some stature on campus pointed out that the plant was not really 
needed — tidal power would be sufficient as a substitute. Perhaps 
that assertion was what prompted John Summu to comment that what 
government needed was more people who understood the difference 
between a million and a billion. 

That era in the late 1970s, when technological literacy 
began to attract engineering faculty was another "greening of 
America time," when greening referred to softer attitudes rather 
than the environment. Many on engineering faculties felt we had 
something to contribute. We wanted to be part of the solution, 
wanted to be part of campus-wide i^Tvements, not considered part 
of the problem. My notes from a meeting at the time contain 
reference to the 3Ps — the three major societal problems: 
Poverty, Pollution, and Pornography, all of which have a 
significant technological component and need some technological 
understanding for solution. 

Students from all over the campus were also interested in 
learning about technology. Perhaps even then they were worried 
cibout getting a job but many were good enough to tell us they 
enjoyed learning about things tley dealt with every day and had 
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never understood. Then, and still, students caro up and said how 
very pleased they were to understand vhat their parents did. Of 
course, many vere just excited to design and build sone t hing smd 
see it vork. 

External events, beyond the campus, also made the study of 
technology intriguing. National reports on education were 
reacting to the pure abstraction of many subjects, the gulf 
between what was being taught and the real %rorld. One of Samuel 
Floraan's books included the following passage: 

People today would get sore pleasure out of the 
world if they understood more about science and 
technology. A good education should include 
enough in these areas so that the ordinary 
citizen is not deprived of her/his birthright, 
which includes savoring the engineering creations 
of the world. 

Now I would like to describe some of the things that 
happened. The major early event, at least for me, tras an effort 
by Ed Krick of Lafayette College to find out about efforts at 
various colleges. Oliis was reported in a paper in Engineering 
Education . Of course, history of technology had been a viable 
academic field before then but its focus was somewhat different. 

Jerry Nadler organized a pair of conferences in Madison in 
1978. One conference turned out to be international with 
representatives from Canada, Japan, and the Soviet Union. The 
topics in the conference included TV programs of the Nova variety 
produced by the University of Michigam and a description of Moshe 
Rubenstein's problem solving course. John Truxal described the 
Han-nade World, a technological literacy course used in high 
schools, and changed the lives of many of us. 

One outcome of the second conference was the establishment 
of CUTHA (Council for the Understanding of Technol«^ in Human 
Affairs) . CUTHA stated its three objectives as follows: 

- Collect information on ongoing activities 

- Disseminate that information 

- Proselyte . 

An implied objective, of course, was to get some grants to 
support these desirable efforts, which we did. Another implied 
objective was to make the whole field more respectable and 
attractive. 
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COTBA did four kinds of things: held conferances, 
participated in other people's conferences, facilitated 
consultation, and published The Waavar. 

COTHA attracted a wide range of participants from both the 
liberal arts and the humanities at a series of national and 
regional conferences. The initial focus was on defining what was 
meant by technological literacy, and as the movement gained 
ea^rience it increasii^ly focused on pedagogical techniques that 
worked especially well for specific courses and programs. 

COTHA representatives have given numerous presentations at 
such meetings as those of the American Association of alleges, 
American Association for Higher Education, Council of Independent 
Colleges, National Association of State Universities and Land 
Grant Colleges, and others. Sessions have also been sponsored at 
several ASEE ^annual mee ting s and at least one Frontiers in 
Education conference. CDTHA also represented the technology 
literacy, perspective on the study group that produced the ASEE 
report-^e Liberal Art of Science . 

Our objective was to be a clearing house for people %ranting 
our advice or other kinds of assistance. I don't think anybody 
ever called CDTHA asking for a consultant but several of us were 
called directly. Most of these requests seemed to have been 
generated from the conferences. 

The intention of The Weaver was to publish essays either 
about teaching technology or about the interaction of technology 
with other fields. Articles tended to fall into three 
categories: 1} discussions of the rationale, purposes, context 
or need for technological literacy, 2} descriptions of specific 
courses and programs, or 3} introductions to aspects of 
teclinology which would be bases for suitable courses. The 
articles in the next issue will be related to space. The 
previous issue dealt with technology and the social sciences. It 
contained, among others, articles about technology as a social 
product in the context of its time, about the public 
understanding of risk assessment and about how technology has the 
potential to engineer control over society. The first editor of 
The Weaver was Edith Ruina. We are distributing about 5000 
copies an issue. 

The COTHA board voted the organization out of existence in 
the spring of 1990, partly because a niche for the organization 
did not seem apparent and partly because of the tax exigencies of 
maintaining a non-profit organization. It is worth mentioning 
that COTHA had three presidents: Edward Friedman of Stevens 
Institute of Technology, John Truxal of SUHY-Stony Brook, and 
Leon Trilling of MIT. 



19 



21 



one rctason that the need for TTTSA decreased was that the 
Ne«' Liberal Arts prograa supported by the Sloan Foundation was so 
successful. The genesis of the New Ui^ral Arts prograa %ras an 
assay by St^hen fVhite published by the Sloan Fouz^tion in 1981, 
with coaoaenting essays. Jia Koemer, \rho coordinated the New 
Liberal Arts Program vithin the Sloan Foundation in its early 
days edited the voluse. Stephen White's essay was entitled "The 
New Liberal Arts — an Exchange of views" and spoXe to 
technological literacy, quantitative reasoning, and coi^ter 
facility as central to the liberal education in the last quarter 
of the 20th centmry. The respondents—two college presidents, 
one engineer, three historians, a mathe&atician, and a 
philosopher were supportive. 

The New Liberal Arts prograa itself began at a meeting in 
Key Biscayne in 1981. During its ten year lifetime, it gave 
grants to liberal arts colleges and historically black 
institutions. It ran a series of worJcshops, some introducing 
technological literacy and some on specific topics. In the early 
days, it sponsored a traveling s^inar which Ment thrcmgh the New 
England colleges. More recently it has sponsored the writing of 
booJcs and monographs and the administration of the Stony Brook 
Center under the direction of John TruxaX and Mike Visich which 
publishes the NIA News and is a source of information and 
assistance. The Sloan Foundation has not only been generous it 
has also been willing to experiment with different approaches. 

What has been the results of these efforts? Of course it is 
hard to attribute any success to any cause in education but, 
technological literacy does seen to be accepted as worthi^ile and 
possible. The Wall Street Journal and Newsweek both have regular 
columns on technology. I was struck by how different inviting 
people to a New England regional New Liberal Azts meeting in the 
spring of 1990 was from inviting people to the first CDTHA 
meeting at MIT in 1980. Nov, at least, people know what you are 
talking about and are sympathetic. Friends at an African 
university want to know more, so do people at other United States 
universities. 

We, the technological literacy people, are sometimes asked 
how we differ from the STS people. We are really friends and the 
line is fuzzy, but the distinction is worth understanding. We 
teach courses in engineering, not about engineering. We want 
students to see the joys of engineering at its best, to design, 
to build, to learn by doing, to have fun by starting with an idea 
and making it work, to work in a team because the project is too 
big for one person. We want them to develop self confidence, a 
sense of control in dealing with technology. Russel Edgerton 
said it very well: 
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In an encounter with a string of courses « a 
stuCent can pick up only a tiny ftagront of 
technological knovledge. mey can learn some of 
the ways engineers think about things. Bat nost 
crucial of all, a course can give stwients a toe 
hold of self-ronfidence about their ability to 
understand and aaster things technological. In a 
prc^r sequence of courses, this self confidence 
can grow. Students can learn that, with effort, 
they can be in charge. That to ae is worth 
fighting for. 

And to ne also. 
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TECHNOLOGICAL LITEHAcy — the more inportant goal in 
engineering, science, and math education 

Rustum Roy 
Pennsylvania State University 



iBtrodutrfciont Recognition of Importanee of ge ehnolocrical 



The awareness of a "national deficit" in oath and science 
education has increased draaatically over the last five years. 
Regrettably both the academic cosamunity and the policy makers 
have shown little evidence that they appreciate the radically 
different components of the "national deficit.** However, there 
is now increased agreoaent that there are two easily 
distinguished components: 

a) The technological illiteracy of 90-95% of the population 
including parts of the professional scientific community, 
the Federal Cabinet of the U.S., many CEO*s and equally 
the culture of urbem poverty. 

b) The insufficient numbers and quality of professional 
engineers, applied scientists, and scientists in the 
workforce . 

During the last few years while the science community has 
continued to call for an ever increasing number of scientists, 
most competent and experienced policy makers have finally 
realized that it is, first of all, most important to change the 
content of what passes for science within all of U.S. education 
today, as made available to a wider audience. 

This is no longer only the view of the avant garde, it has 
also emerged as mainstream consensus thinking. A whole series of 
quotations from different sectors and levels of education and 
policy will show how pervasive this now is among the leadership . 

We must now begin to make the case for a stronger and 
more sustained national commitment to achieving a level 
of popular scientific literacy in this country 
sufficient for the needs of a free and democratic 
society. 

Paul Gray, President, M.I.T. (1989). 

We need to realize that improvement is needed... to 
produce a generation of voters with at least enough 
knowledge to avoid being bamboozled by foolishness. 

Don Kennedy, President, Stanford University (1989) . 
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Teaching science to non-science majors is a national 
challenge. ...the faculty has created a Council on 
Science and Technology to assist faculty lumbers in 
developing new courses and renovating existing 
ones... and to foster upper-level courses in science and 
technology that address cultural and societal issues. 

Harold Shapiro, President, Princeton University (1990). 

The connection of technology to science, and both to societal 
prohlens and issues are called for in dozens of reports: 

(For Science in Grades 7 and 8} A beginning 
iinderstanding of the integration of natural sciences, 
social sciences, and mathematics; familiarity in 
integrating technologies with experienc es in the 
sciences (emphasis added} . 

(Secondary Biology) Understanding biologically based 
personal and social problems and issues such as health, 
nutrition, environmental management, and human 
adaptation; ability to resolve problems and issues in 
a biosocial context involving value or ethical 
considerations (emphasis added) . 

(Computer Science) General understanding of the 
problems and issues confronting both individuals and 
society as a whole in the use of computers, including 

social and ethical effects of computiers; the ethical 

issues involved in computer automation (emphasis 
added) . 

From Educating Americans for the TwentvFir st Centurv (October 
1983), Final Report: National Science Board Commission on Pre- 
College Education in Mathematics, science, and Technology: 

The need for genuine inter -disciplinarity is expressed 
rhetorically by virtually every leader — but hazrdly ever 
implemented by any administrator. 

Liberal education requirenents should be expanded and 
reinvigorated to ensure that students and faculty 
integrate taiowledae from various discip^^ng^ (emphasis 
added) . 

A "principal aim" of liberal education is "the ability 
to integrate what is learned in different disciplines," 
and hence that reform must be based on "collaboration 
among faculty from different departments," which will 
"establish specific integrative meehai^ j^i^'^ . w 

From XnYPlV^^mt in ^amiPq' — Realizing the PoUenH^qi of 

American Higher Education (lS-c4): 



These goals are not only for college; the saira calls are issued 
for lC-12. 

Science cnrriculua grades 9-11 be "Stmetair^ Ar ff Vnd 
the Intaraetiona of Science and Taphnoiotpy wiiA the 
Whole SfKsietv." with instruction centerad aroui^ 
probleas that "intefyrate knowleci^w troa engineering, 
I^ysics, biology, earth science, ai^ applied 
Bathesatics. 

A curriculum "organized around problea-«oivina skills, 
real life issues, and personal and eonni^^ pitY decision 
Makin g. 

From national Scienc^_JBQard Conference cm g oals for Science and 
Technology Education grades (April 1983): 

The basic coaoBon points encompass a tripartite call for: 

1. Greater interdisciplinarity. 

2. Integration of knowledge, and 

3. Connection to social issues, including ethics and values. 

Realization of the parallel 9Xid synergistic character of the 
two goals in science and technology education has also now been 
accepted in Congress. The very first sentence of Title I of the 
Omnibus science Education bill introduced by Senators Kennedy and 
Hatfield in January 1990 

declares national objectives to; 

(a) improve public scientific and technical literacy 

(b) increase the supply of scientists, engineers, and 
technologists. . . 

The STS movement from its birth twenty years ago has been 
the initiator and sustainer of the national push for this 
"scientific and technical literacy" for the majority of citizens. 

To close this section which establishes the new "legitimacy** 
of technological^ as opposed to scientific literacy two quotes 
from opposite ends of the spectrum of commentators will suffice: 

First the N.Y. Times Education Editor shows that the 
idea has, at least, reached the leadership in the 
media. On January 31, 1990 he titled his column, 
"Lessons, Teaching Technology, the subject that offers 
no single best answer to problems." 

Second, Ernest Boyer of the Carnegie Foundation, also in 
1990, redefines a new balance among the functions of the 
university thus: 
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(1) We describe in the report f Scholarship Raconsldared. 
Carnegie Foundation for the Advanceannt of Teaching, 
1990} a four-part model with the advancement of 
laiovledge as one of the quadrants. 

(2) We see scholarship involved in the integration of 

(3) We also propose that notions of scholarship should 
include the application of knovledna. we pro|K3se a 
more even relationship between the tvo— one in which we 
recognize and appreciate the wisdom of practice. We 
need to take practice more seriously and benefit from 
the relationship between the two. 

(4) Finally, we propose a component of scholarship we call 
representation. Here we argue for a seholaxship that 
s iypor ts teaching. 

The "integration" and "application" of }cnowledge are key 
rationales for assuring for all citizens, and certainly all 
college students, a level of technological literacy. 

Perhaps the non-prof e:5sional 's view is the most telling 
because it connects teaching about technology to teaching STS. 
Technology involves values: hence the STS route is not only an 
excellent gateway to technological education, it is part of 
education about technology. Here is Ed Fiske of the N.Y. Times 
again 



Teaching technolocrv poses a challenge to schools 
because it does not fit into the traditional aeadenic 
categories. 

For example, science— the search for the rules that 
govern the natural world — has absolute st andards . 
Students* answers are usually right or wrong. By 
contrast, technology— the gtudv of how people re-shaoe 
aatlirs — forces students and teachers alike to deal in 
the gray area of value judgements. -Hi-^deoffs and 

Perhaps in technology education—an arena where 
factual knowledge and value iudgement^ff oust be dealt 
with simultaneously— educators have at least found a 
way to bridge this gap. 

Technology education even turns traditional "hands 
on" education on its head. Science laboratories, for 
example, are usually intended to show the application 
of information learned xn class. In technolog y classes 
students start vlth a problem and tht»^ gather the 
informat ioiL thev n eed to solve it. 
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Victor FtankI uses tbe sisqple exaaple of the visual 
parception of a solid object to illustrate liow different the same 
object looks from different vievpoiats. T.L. looks very uuch 
different vfaen looked at hy different groi^. 




RgunK The reftlity ueiccivcd is ibasneaUy affected by tht dteaica itom which it is 
VKwed. Viewing ficom vaoxc than ose direction may give an unexpected 
MiiBik»(indiisca«tte3HtimBnsiffliaina!ige)iooBrn^^ (After 
V.ErsnkL} 



The industrial imager looking for TOre technologically 
literate employees, the college dean concerned about her B.A. 
degree holders, and the anti-nuclear activist probably have 
rather different views of T.L. Yet all these apparently 
contradictory views mav describe the saae total reality. 

2. T.I,, is a Slogan 

Slogans are extremely valuable as general rallying points 
for the masses. "Technological Literacy^ as a slogan conveys 
accurately — though not precisely — what we would like it to 
convey. Nonetheless, one should not es^ect too »icb of such 
terms. We all agree that "technological illiteracy** is a 
''problem.*' Fritz Schumacher of "Small is Beautiful** fame in his 
Guide foT the Perplaated distinguishes between convergent and 
divergent problems. The former we can solve, bring to a sensible 
conclusion, wrap up. The latter "divergent" problems we can 
address, discuss, work away at, knowing that in essence they 
cannot be "solved.** Technological Literacy" becomes the slogan 
for gathering a heterogeneous group of concerned citizens to 
address the problem. The lack of precision in the term may be 
made into a virtue, so that a variety of individuals with 
differing approaches may still cooperate in that part where their 
interests do overlap. 
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This observation foziss a key con^nent of ny thesis. Husians 
developed aany technologies to quite sophisticated levels 
Billenia before they were literate (i.e. able to use an alphabet 
to nalce %rords which they could pronoxuice and/or understand) . 
Could the tezB "technological literacy** therefore be an oxymoron. 
Clearly technological competence, i.e. carrying out certain 
technological procedures does not reouira the ability to read or 
write. In the developed world many of us experience this in 
dealing with the very competent automobile mechanics who are 
almost technological experts in car maintenance but say be 
illiterate. In the developing world this is coamoi^lace. Thus 
M.S. Swaminathan discussing the transfer of agricultural 
biotechnologies to the third world also reported that in many 
developing countries quite complex biotechnologies of plant 
breeding and pest control have been passed on from generation to 
generation by totally illiterate villagers. Indeed to train 
personnel to perform the same tasks by the standard procedures of 
literacy, training in science, and learning the techniques would 
be a formidable, indeed prohibitively difficult and complex task 
for a local government. Literacy is clearly neither necessary 
nor sufficient for technological competence. We will therefore 
be forced to attempt some definition of the terms we use, and I 
try below to add some new terms vhich are helpful in the 
development of this topic. 

^- Technological U.teracv is Not Analogous to nsciantifie 
Literacy 

Ivan Illich, who questions literacy as a panacea in his book 
with Barry Sanders, "ABC: The Alphabetization of the Popular 
Mind," shows that the development of the alphabet both 
constrained human communication and simultaneously made it much 
easier to communicate with large nimbers of people at lower 
levels of "intensity." The scientific alphabet— of mathematics, 
symbols, and equations— continued this trend and generated an 
enormously powerful communication tool, albeit useful to a 
correspondingly narrower and narrower group of individuals. Just 
so, since science requires the use of letters and symbols, 
scientific literacy is a meaningful and non-paradoxical term. 
Technological literacy in some aspects, as noted above, does not 
require the 'literate' approach. 

5- TtLt is Better Described as a continuim of g^ r , comfort 
vith. conaetence in. and Contr ol ef TaehnolegY 

^ In order to discuss this in some depth let us attempt some 
definitions of the terms as we are using them here. 

Technology is the means by which humans utilize natural and 
human resources to attain a goal . 
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Xdterasy is the ability to coBBunicate through written 
letters and words. 

uaooBfortable with technology is the state where, due to 
ignorance, one is both wary and afraid even of the TOans one nust 
use on a daily basis to attain one's goals. 

Coofortahle with taohnology is the state in tdiich a human 
being is at home with the t^hnological means that ^e or he uses 
but unable to assess their impacta on persons or society. 

Coaqpeteaee in technology is attained when one has acquired 
the skill to operate cosipetently the means needed for attaining 
one's goals. 

Control of technology requires, in addition to operation, a 
level of understanding of the process to shi^e and adapt it as 
necessary to achieve even new goals based on an assessment of its 
potential for good and ill. 

Pej^ps the use of an analogy will help illuminate these 
terms (see Fig. 2) . 



a. 


ILLITERJkTE in native tongue. 






One can manage, millions doil 
How? Led around by others. 
Sign language. Use pictures, maps 
Trial and error. 


Ihicomfortable 
No competence 
Little control 


b. 


BERLITZ Course 






You ^ it and put words to it 
mCLK around city 
Eat in restaurants Minimal 
Visit castles interaction 


Some comfort 
Little cos^tence 
No control 


c. 


FLUENT in local language 






Participate in life of city 
WORK, INTERACT 


Comfort 

CCT^tence 

Control 

■ 



Figure 2. Levels of c't. Tourist Hetaphor: How to get around 
city? 




A tourist in a foreign land needs tbe technology of the 
language. Ihe person who has no familiarity at all with the 
language feels at a najor disadvantage , has to use sign lai^rua?^ 
to order food or find the hathroOT, wad can davelc^ a real sense 
of isolation. At a sli^itly higher level of understanding the 
vast majority of citizens in the developed world surround^ by a 
ayriad of technologies are faced with discosfort caused by gross 
ignorance of a functioning systea in i^ch they have no choice 
but to participate as cogs. Such persons are not only 
"illiterate" in the native tongue, but cannot speak of understand 
it either. 

A second groi^ of tourists, in preparation for their trip, 
will have taken a crash course in the language, acquired a phrase 
book, or taken the Berlitz course in it. While they are still 
«.ot literate in the new language they are aiUZb more coofortable 
in their environment. They can "manage," without discomfort, but 
since they cannot read signs or a newspaper still can have no 
sense of cos^tenca. 

A third group has studied the language (or grew up with it) 
so that thevcan be rather fluent in it. It is only they who can 
experience CTP. There is, of course, a fourth groi^ which is a 
subset of the third. These are the writers or poets of the 
language. They are sufficiently in control to invent new 
expressions, alter meanings — shape the language itself. 

fiT9 ae the Route to lyaehnoloaieal Litaraev 

Science, Technolc^ and Society — STS— has become the 
flagship of the movement for integrative general edueatioa. By 
definition STS is the most integrative subject matter one can 
find in higher education — it covers by far the widest range of 
disciplines. In many ways it is the reinvention of the 
University within the "Multiversity." it represents the very 
antithesis of the "distribution" reguireaents among the 
disciplines. It is the structured unification of these 
disciplines into a new melded general education — which is what 
the university was all about in the first place. Figure 3 
attempts to portray this graphically. 




Sa tarn nt iii I >M tor* t<^nntxm imwi 
tfeMH t*M«s mr til. tan lama, tM m 
tat MM w natM ua suvmitf. 
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• STS is an intellectual field i^ich started! as a response 
to the questions raised by various cities of science and 
technology ^s effect on s<x:iety. BlXtil's seainal work 2^ 
Technological Society aarked the ]cicfc-of f of this 
caapaign, but Ellul must not be confused in any vay with 
what STS contains today. In the quarter century since 
that book %ras published (in English), STS has became a 
focal point in interdisciplinary general education in 
U.S. postsecondary miucation. STS pedagogy provides a 
structure to look at the grave problems that have arisen 
due to the coopartmentalization of knowledge, especially 
separating S/T fros the rest of learning. Societal 
problems always cut across academia*s arbitrary divisions 
of fields of knowledge. Addressing them requires input 
from many areas. STS examines each problem utilizing all 
the relevant "disciplines" needed. 

• From a pedagogical and epistemological viewpoint, STS 
represents a unique change in western academic 
development. Instead of prolonging the fissiparous 
tendency built into academic science, STS attempts to 
synthesise the widest possible range of disciplines. 
"Macro-STS" is a new Gestalt or paradigm breaking down 
the domination of the university paradigm of 
specialization and departmentalization of knowledge. 

The emergence of the STS movement has created the 
potential for a major pazadigm shift in education. A 
radically new way of looking at the relationships between 
science and technology is developing. This new look also 
puts science and technology into the historical context 
of worldwide human society. Knowledge is considered in 
integrative interdisciplinary terms instead of the 
present rigid, ever more specialized disciplines. 
Values, morals, and concerns for the larger society are 
dealt with along-side of scientific equations. 

• STS responds to a study of the real problems facing the 
world by proposing an integration of 3cnowledge. It is 
the systematic study of the interactions of science, 
technology, and society outside of strict disciplinary 
bounds. It looks at science and technology as two 
independent but related social forces and examines how 
they impact each other, government, policy-making, 
business, and everyday life in a myriad of ways. It uses 
biology as well as business, art as well as physics, 
engineering as well as philosophy, it is assumed that 
all disciplines have information of potential value to 
society. 
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• STS constitutes a major advance in holistic thinking as 
it looks at societal implications as well as scientific 
laws. It calls for moral guidance or humanistic 
understanding of all Vurk in science and technology. It 
remiiuis us that ignoring moral and humanistic standards 
is itself a choice with far-reaching ii^lications. 
Mindful of this, STS seeks a thorough reform of 
scientific education as now practiced. 

The rapid increase in interest and si^port of STS in the 
United states and abroad shows that the STS "paradigm shift" has 
started and probably cannot be stopped. STS has grown into 
formal programs on over a hundred college and university 
caaqjuses, and into courses at two thousand. 

BTB - A Paradion Shift, not iust new conraea 

The STS route to technological literacy is not merely the 
addition of a few new courses in engineering required of liberal 
arts students. It is indeed in the best sense a paradigm shift 
in the approach tc their education. To put the case starkly I 
have reduced it to a tabular form. 



Science leads to technology (= prosperity! I ) . 

• We need science to do technology. 

• Science equals ghysics ± sher.istry + feiology (PCB) . 

• All (most?) citizens must have some PCB; the more the better 
for our economy. (The present science literacy approach which 
has led to the present science education crisis.) 

• Abstract science is "superior" (more general, the real stuff) 
than applied science or technology. 

Specialization ubber alles. Depth is what counts. Narrower 
the better. 



The Smerqinq Ghanaea 

• Technology leads to science (from Galileo to A-bomb), 

• Science is a minor and easily gotten component in successful 
technology. 

• We are embedded in earth , marerials . medical . "applied" 
science. These are the true basic-to-human sciences, 
encountered daily. 
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• Technology is net in the concrete reality of society that is 
the only "science" every citigen needs. 

mimSS. TBCHHDLOOY ft SOCIOTY (BfS) is the fte^allgation of the 
Hew Paredlffi^ 

• hmng and their personal and collective concerns sSk 

• Is the re-creation of the imi-versitv within the multi- 
versity. 

• Stresses integration. (1) across disciplines, (2) Jcnowledge 
and values, (3) being and doing. 

• g^stffreg technplogy and applied science to a central place in 
S=1Z and the university. 

• Invaluable for S/T professionals. 

SPllf Heir f^^^qjp gaafeSaifel — aro - T^^inoleov - flelanaa 

It is the author's contention that having the entire student 
body exposed to STS will benefit them in several ways: 

1. Students will be much more informed and aware of the most 
significant current issues in oi2r society; which involve 
S/T in some way. 

2. They will have been exposed to a methou of critically 
analyzing such issues. 

3. They will have been made aware of how technology affects 
their lives, and how they may interact with techiology. 

4. A higher percentage than at present may choose to enter 
engineering, some because they perceive it as a means of 
controlling their own futures. 

5. A higher percentage will become interested in the 
scientific background behind the engineering, and this 
could result in more candidates for science degrees. But 
neither 4 nor 5 are goals of the STS BK>vement. 

Thus the STS approach to "science" education has two separate 
benefits? making better educated citizens and possibly 
increasing enrollments in science and engineering. 

The STS route can be summarized thus: 
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Hie Hamas Esqied" suggests nsod for i^TecfasQlogicaLq' conpeienoe 
fffff in *ca»-sQ»&s" * Tedmdogical litegacyj casstroi 



The STfl atrateoyt Padaaogy froa tha Otaviona. niBtead of the 

From tiae iamesioriaX, coasiunicating "techne" vas the passing 
on froB generation to generation of the most iaqportant stored up 
knowledge and wisdom about the most obvious, most common , i^st 
often encountered human contacts with those parts of reality 
«^cb affect humans the most. 

Each generation learned as much as possible about food, 
shelter, security, and so forth and passed it on to the next. 
For the last century, and rapidly increasingly over the last 
fifty years, school systems have attainted to teach all students 
about reality vie%red from the particxUar formalin and stance of 
abstract science. This science is characterized by two key 
parameters: abstraction and mathematicization. These features 
are responsible for the power and rapid growth of science. They 
are at the same time responsible for its unintelligibility to, 
and lack of interest for, the vast majority of the p^ulation. 
Moreover, common sense and widespread human experience shows that 
the vast majority of citizens do not need much abstract science, 
and only modest quantification, to £tinction very effectively, 
even in a highly technological society. The last President of 
the U.S., the chairpersons of most of our largest corporations, 
the leading playwrights, poets, and university presidents have 
very little knowledge of the level of science some now demand of 
all students. 

A technology- focused curriculum would eschew abstraction for 
obviousness. Every citizen would be expected to Jcnow about those 
parts of contemporary human experience which are obvious to all, 
which affect all in daily living. 

A simple algorithm to guide the choice of what to know, 
which can expand and deepen with advancing grade sia^ly by going 
into greater detail, is to follow the activities of an average 
pupil through an average day. From the alarm clock, to the light 
switch, to the clothes worn, the rubber in the sneakers, to the 
stove heating water for coffee, to the car being driven to work, ' 
there is an infinite opportunity to use these objects and 
experiences for teaching technology and applied science, and 
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dMrivmtivaly basic science. This "applied scien^** aust becoro 
the aseessery eore for all students, prior to beii»r axpcxsed to 
any abstract science. The beauty of using the sase eonaion buaan 
experience*-eating, getting dressed, driving^is that they can be 
updated at each successive age level; and vlth imnreasing depth 
and sophistication, can form the connecting introduction to any 
part of physics, Ghesistry and biology. This is the 
technological literacy necessary for all citizens; it is also 
much better groundwork to sake science msre lUcely to be 
attractive to larger nuabers. 

ffpl^C^BIil^gaf — geaclii^ff gaehnoloav and ^^fnca in C elleye Today 

The integration of several subj^t aatters or disciplines, 
including engineering disciplines, raabined with the purposive 
nature of the work, elevates applied sciences and engineering 
over the scientific disciplines on a hierarchical ranking. 
Technology is not a subject alongside ^ysics and chemistry. It 
includes science as one among aany inputs (see Roy's Two tree 
theory in Shapley and Roy, 1983). 

The idea that learning science is the necessary pre-cursor 
to learning technolc^ is absurd. Most human history is proof. 
Indeed, the U.S. Department of Defense has shown that specific, 
even "high tech" tasks can be taught well, without any science. 
Figure 4 shows different routes which aay be ei^loyed. 
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For the msdiaa laarser, we believe that the STS route — 
entering via the interest in the societal prohlem— is best. 
Koreover, it is the only isnovatioa in eeataat proposed for 
alleviation of the so called math/science crisis. For that 
reason alone we believe it is at least an essential coaponent of 
the "science education" of the future. For a 10 percent minority 
of the population, entering via science (the present tradition in 
the U.S.) may be the nost effective. But for a larger minority, 
the entry through hands-on technology may be the best. The U.S. 
has been losing out on the "brains in the fingertips" of the 
%forkers, the "techne-ologist," by overstressing the abstract 
conceptualization as the only way to learn the science which is 
related to technology, and technology itself. 

In conclusion, my central thesis for college education in 
technology and science is as follows: 

Absolutely every college student must be introduced to 
the most significant issues facing our culture in a 
systematic way. Since a large percentage involve S/T, 
this requires that they encounter technology , in the 
larger context of STS, where they see it as a htiman 
tool to solve and/or create problems. Next, every 
student should have required courses in the applied 
sciences and tefdinoloaies of every day living. 
Finally, some subset should be introduced to the beauty 
and power of eQ^stract science. 
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CURRENT EFFORTS IN TECHNOLOGICAL LITSRACY 



John 6. Truxal 
SUNY -Stony Brook 



The speakers opening the worlcshop yesterday afternoon and 
the materials sent to you in advance of our meting have 
indicated clearly that there is recognition within higher 
education that our graduates should be prepared for lifelong 
learning in the technology which increasix^ly dominates the 
environnent of work and leisure, of personal and political 
decisions. I9hile conferences of college faculty frequently 
include specific professors who eaotionally question the 
importance of technological literacy, Z will assu&e that this 
group is ready to accept the basic pre&ise that we are living in 
a time when we can use technology to influence significantly the 
future. Education should prepare our students to participate in 
the social and political control of the evolution of that 
technology. 

In the hope that ve night agree implicitly on our 
interpretation of the term technological literacy, I would like 
to start with a specific example— in particular, an exaa^le from 
the area of HSGT, high speed ground transportation. This is a 
topic which is not (within my knowledge) the focus of any college 
course for general students, but it is a subject which motivates 
students and allows teaching of science and technology. 

Xnterurban Trains 

My senior senator, Pat Moynihan, has been urging the federal 
government to launch a project to build a magnetically levitated 
and propelled, 300-mile/hour train for passenger travel in the 
Northeast Corridor — initially from New York to Washington. While 
one might cynically view this as a way to ease Congressional 
travel between the two cities, Moynihan has even written for 
Scientific Anerieai^ (an article unusually readable for that 
magazine) and makes several persuasive arguments. For example, 

1) The technology was invented in the U. s. (at 
Brookhaven National Laboratory) , but this country 
has not made the technology transfer. Indeed, 
France, Germany, and Japan now lead, and we are 
unable to bid on the proposed Korean system. We 
have another exeunple where the U.S. is not 
competitive. 

2) The system would be a major contribution to our 
decreased dependence on oil for energy with the 
reduction in auto and air travel (about half of 
our petroleum use is for vehicles) . Furthermore, 
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environasntal effects would also be positive in 
both air quality and the greenhouse effect, and 
there would be lessened pressiure for new airports 
and expensive improvements In air traffic 
control . 

3} The project would represent a najor econoaic 
boost for the region with the costs of 
<r — -nzction, operation, and updating. 

4) The project would be a showpiece of U.S. 

technological achievement — more dramatic than a 
manned mission to Mars. 

These arguments are impressive, and it is easy to convince 
students that the government should move forward. To some 
extent, the technological imperative is at worX. We know that 
the technology exists, so let's nove ahead. 

First, though, we should think of some of the problems. 

1) The current AmtraJc right-of-way will not be 
adequate. Ilhen the speed rises from 100 to 300 
mph, allowable curvature is severely reduced. 
Furthermore, people will not ride in trains 
without windows. If the landscape moves by at 
300 mph, riders suffer nausea unless there is a 
broad swath around the track, as ve know from 
riding in a plane just before take-off. (One 
company proposed artificial windows with movies 
used to create the illusion the scenery was 
moving by at 50 mph.) 

2) Safety is a critical constraint, as shown by the 
early accident with the BART subway system in the 
San Francisco area. 

3) Economics must be considered. Relatively few 
people want to travel between the centers of 
Washington and New York City, so the train must 
accept emd discharge passengers at intermediate 
spots (Trenton, Philadelphia, Wilmington, 
Baltimore, and others) . With these stops total 
travel time versus maximuin speed plots is shown 
in the figure below, with each stop we have to 
decelerate, load/unload, and accelerate, but the 
acceleration and jerk (rate of change of 
acceleration) are severely limited for rider 
comfort. Indeed, the train would probably reach 
maximum speed only on the wiimington'*Baltimore 
leg. (One company proposed a mini-train at 
Philadelphia, for example, running alongside the 
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nain train to allow passangers leavii^ to junp 
across, with tlie adni-train then returning to the 
Philadelphia station.) 




4) There are other, major econoaic considerations. 
There are only 4 million travellers per year 
between New York and Washington, so the train 
would have to capture the large majority if fares 
were to be cosparable to those for air travel. 
Success would rmjuire couplets redesign of the 
areas around Penn Station in Hew York and union 
Station in Washington to provide the facilities 
now available routinely at airports— hotels, 
conference centers, parking, ear rentals, etc. 
This item as well as 3} above raise the sp^ter 
of the project displacing large numbers of 
people; can we do this humanely and effectively? 

When we consider both the opportunities and the problems, 
there is no clearly correct response to the Moynihan proposal. 
Perhaps other locations would be preferable (Los Angeles-Las 
Vegas, or Miami-Orlando-Tampa}? Perhaps we are fighting a losing 
battle in trying to move Americans away from the attachment to 
their automobiles (U.S. has 1.9 people per car, Japan 4.4)? 

Gharaetaristiea of Technological Litagaey 

This example illustrates one characteristic we hope that 
technological literacy encompasses— the avoidance of the always 
attractive, simplistic answers to questions. Bob Wheeler, 
originator of the Yale program, aimpXy states that he wants his 
students to become "nonsense detectors,** able to recognize that 
policy questions are rarely black or white, that each of us mxist 
weigh both sides of the argument. 

Technological literacy goes beyond this, as the previous 
speakers have indicated, to include: 

a) Recognition that modem technology is inherently 
simple and understandable (it was designed by 
human beings) . A television picture is just 
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300,000 dots ea^ witb appropriate amounts of the 
prisary colors red^ gi^Qii, and toluo. 

b) Recognition that technology is closely allied to 
science and aathenatics, but it is inevitably 
nultidisciplinary. In our HSGT exaiqple, ve can 
teach Jcineaatics, dynamics, electricity and 
magnetism, but evaluation must include 
ergonomics, econCTiics, political science, axui 
values. 

c) Self-confidence that ve can learn enough about 
any technological subject to be at least scnaewhat 
informed in decision-making. 

^ile these may be features of technologiccQ literacy, I 
believe there is no consensus on how it can be a^asured (any more 
than we are happy with attes^ts to meausure scientific or economic 
literacy) • A question such as "Do you know hov the telephone 
works?" may actually yield coimter- intuitive results— a "yes" 
response indicating that a simplistic explanation is accepted. 
If the U.S. is to meet the goal of the President and Governors to 
achieve U.S. leadership in mathematics and science by the end of 
the decade, we must either clarify the definitions or (as a sad 
alternative) find specific measures in which the U.S. does excel. 

With this very ciirsory consideration of the definition of 
technological literacy, I would urge that in this workshop we 
accept two premises: 

1) Technological literacy is essential for 
"concerned citizens," those involved with public 
decisions and the state of our society. We all 
like to think we are teaching concerned citizens 
of the future. (Actually, the estimate has been 
made that only 10% of adults are "concerned 
citizens." Since 50% go on to higher education, 
some of us must be teaching the future 
"unconcerned . " ) 

2) Undergraduate education is an important arena for 
technological literacy. In the long term, pre- 
college education may have responsibility for 
this area, but for the foreseeable future higher 
education must respond to the needs. 

Constraints 

As we discuss how to encourage education for technological 
literacy, we should keep in mind the lessons fx^ the past decade 
of efforts in those colleges and universities which have 
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successful prograsis. Educational change faces cons'traints in 
four primary areas: 

In liberal education the curriculus is already 
crowded, and aost faculty Beabers feel that their 
academic field is the most iiqiortant. Zn the preface of 
a reOTnt anthology on technology studies, theire appears 
the statement: "Hoiirever, the readix^ are not all 
trritten by professional philosoi^ers. Same of the acre 
seminal, if less careful, thinking has been done by those 
outside tne discipline of philosophy." He all tend to 
characterize thinking in other disciplines as somevhat 
sloppy. 

There are opportunities within the curriculum. The 
general education requirements may include technology 
studies, but almost always include science and 
mathematics which, one can argue, are most effectively 
taught through technology. SO^ courses often involve 
substantive technology. Finally, almost every major 
includes at least some free electives, and we should be 
delighted to compete here for student interest. 

While a very few universities have established 
departments focussing on such themes as technology 
studies or technology/public policy areas, the most 
common way to ensure that technology studies has a 
lasting place in the curriculum is for the technology 
courses to be adopted as regular offerings by existing 
departments . 

II. Students 

The technology courses must be matched to student 
interef«ts and backgrounds. Indeed, curriculum design is 
similar to engineering design: we have a given input 
(today's students at our institution) and a desired 
output (technologically literate graduates) . Our task is 
to design the best possible system to change the input to 
the output. 

In the past decade, experiences at many colleges 
have clearly demonstrated that students respond with 
remarlcable enthusiasm to technology courses designed in 
these terms. Students enjoy learning about familiar and 
future technology, and they perceive that such studies 
will be important in their careers. As just one example, 
nearly all students will voluntarily elect coaster 
courses even in the absence of requirements-- and even at 
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colleges where English and Modern Languages are very 
popular majors. 



The experiences of the 1980 *s have shown that very 
popizlar courses can be offered on such themes as: 

Reproductive technology Communications 

Fox:>ensic technology Space 

Structures Environmental studies 

Electronic circuits Ergonomics 

Fuzrthermore , such courses inevitably include 
significant segments of science and mathematics — topics 
that students find challenging and interesting in this 
framework. 

There is one other characteristic of student 
response. These technology courses seem to appeal to 
women almost as much as men. At my own university, for 
example, the undergraduate student body is 54% women, and 
we have about 46% women in the technology courses we, 
offer for general students. We still have not reached 
parity, but we are much closer than engineering and 
physical sciences. 

Finally, our experience with the national 
minorities- in-engineering program since 1975 indicates 
that minority secondary- school students are stxrongly 
attracted by technology and can be effectively drawn into 
the study of the related science. My colleagues 
developed twenty-four technology nodules (about two wee3cs 
each) to be used in secondary science, math, and English 
classes, with over 800,000 modules delivered to schools 
with strong minority populations. One of the most 
popular was a unit on urban home fires, with students 
working with family or neighbors to evaluate their 
personal risk, and then derermining why there are 
sections of East New York where the mean time between 
major home fires is five years. 



III. Faculty 

While the student constraint can be handled readily 
by the choice of appropriate course themes, the 
constraint imposed by faculty attitudes and behavior is 
much more difficult. The 1990 Sigma Xi report is just 
one of the many indictnenrs of introductory science (and 
mathematics) courses. The National Science Foiindation 
has also placed primary er.phasis on these basic courses. 
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In spite of these stirrings and, ixMlrod, the 
indications that aatheaatics teaching may be promising 
major changes, there are several problems for those of us 
interested in technological literacy: 

1} Many teachers are quite satisfied vith the 

introductory courses. Calculus 1 or Ifaysics I are 
pretty much the saii» courses they took, and the U.S. 
has had excellent scientists. The high attrition rate 
sii^ly iiMiicates that the later courses are not filled 
with incompetent students. (The fact that so many 
students choose their major by a seqpience of failures 
does not sees to bother these faculty.) 

2) Many teachers are really not interested in teaching, 
especially lover-division students. This en^)hasis on 
research and publication appears not only in the 
research universities; even somB of the four-year, 
liberal arts colleges seem to base tenure and 
promotion on "scholarly" publications more than 
teaching. 

3} Many faculty are unaware of the recent work in 

learning and cognitive science; and do not realize 
that students learn in very different ways. 

4) Many faculty have greater allegiance to their 
scientific/professional fields than to their 
institution. 

Fortunately, these problems have a positive side. The 
fact that so many faculty have these characteristics 
opens the way for others who are interested in students, 
in teaching/ learning, »nd in educational innovation. 

Finally, many of the STS and technology-studies 
courses involve team teaching— often a professor in 
science coupled with one in himanities or social 
sciences. Experience with such an approach varies from 
college to college. In our setting at Stony Brook, we 
have found it preferable to have a single professor in 
charge of the course so that students have one individual 
to turn to for advice, even though we use visiting 
lecturers/discussers and we depend on consultation with 
faculty from other departments. 

IV Costs 

The last constraint on educational innovation is 
economic. In today's academic environment (at least, in 
our institution) , funds for experimentation are severely 
limited, and faculty frequently defend their turf and 
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enrollment. As a result, laboratory work for a new 
course in technology must utilize existing equipaent or 
involve inexpensive aeasureaents on the real world. 
Graduate teaching assistants axre usually not available, 
so we have used no-cost, undergraduate teaching 
assistants (students who have previously excelled in the 
course) , who receive credit for working for the faculty 
aesiber in advising, overseeing lab work, and the like. 

The Future 

In view of these constraints, how can we move forward, 
building on the past accon^lishments in Science/Technology/ 
Society programs, the New Liberal Arts, and the current NSF 
interests? Hopefully, the above coiaments indicate that there are 
several ways we can find a place in the curriculum. The optimum 
approach depends strongly on the particular institution— its 
academic environment, faculty, curriculum, and students. 

Two particularly promising approaches are: 

1) Involvement of a small number of senior, 
excellent engineering teachers in the development 
of courses in technology for general students. 
For the faculty, the incentive is the very 
rewarding feedback from such teaching; for the 
engineering college, the new role within the 
academic environment and the significant teaching 
workload can buffer against oscillations in 
engineering enrollment. 

2) Modification of courses satisfying core 
requirements in science. This approach is 
described further in the brief appendix. 

Regardless of the particular approach appropriate for a 
specific institution, we are at an unusually exciting point in 
the evolution of U.S. higher education. Confluent forces are 
moving us strongly toward acceptance of technology studies as an 
important element for all students of higher education. 
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An Inlanoduclury Seig B ffie Caoxse 
From the NLA 



Reces miioMJ iq>Gm Oil K^Ke edi^aifira Hstw ^wgrfta^gy^ fha> imi w iiAiitf wy nrftrgf «4yf«^ 

w>Uiic$ for all stodents are sathsfactygy. They often cotct a large mmitcr of l^sic conc^tts in an 

cs" the mieresis of may sBslens. 

Ti^ SLA Progfsm has geimai^ a set ttf* ^^^wamtingty s»xessf Ql cooses in this imnxiinnaiy 
sdenceaxea. These cnsses possess cenamcmxnKmchmBC^^ 

(1) While ihey cone ooder tte a^is of the sadittoQal sciCTTf cfefaniBents, they 
ffichiufe material dcawn firas »icnce o£tein^ u smsal tevtls (m» just the osoal 
ooveiage of tin first ccnnse). 

C9 Xfost tt)pks are i n i rodu t; e d tfaiDi^ signi&aitt. reai*war&l ^g f «|^ff aiKi probtems* 
The science COTiepis are tniroducedi as Medad for th^ fg( ffl^^ tp giKfe? r?p M vl the 
SKKtei ami prof&n. 2n this sotsse, a "joR-in^tinie* mqsoficfa is used (e«g»« the 
coDcqxof emgyj^^ears when itisneet^O, 

C3) The only mat h riii tf ics prerequisite is algriaa,fliidrf»i^ ffigght^w "^T'ffftf 

Emphasis is placed on jstrfslen) and model fonnnhURan by the Mwin i B 



Tliese NLA couxses* however, are usually not useful directly at other colleges for three reasons: 

(1) Tbt courses strongly leitect the interests of tte piofesstv* who in many casK has 
devttsdan^^eficsttoleamtag in theareacovoedby themirse; 

Tht OHic^ fttm tte j^iKtigious literal arts colleges are tf^gnrd fior relatively 
small ffflTtrt 

(3) The »nrres itouire majty fiaculty corom it mMK of tiiM^ m m inflj^H^^ w ^n yf Mirn 
isachi^ tosis are heavy . 

Wi<fas][gBadmk^«kaof dttreMwai^TOacfa^ 
- the "educatitmal &ss£er" anatogous to the process of *ttchm]tegy transfer.'' WUh tte lessons Inrned 
from the "research' stage, we ww need to develop comses tailored to tte consuaims of tte larger 
uistimtions-- tte con^iehensive and tte research umvereitieswhicfas0veovo*SS%of tte stodents in four- 
year colleges. 

Thi^ if we are to a^maiize <m tte nimiercsis cuni^^ 
tte addiuoiul e£to of Mmveriii^ there inaterials to niatch ^ 



Plan 

We propore devctofanem of five modules, with a smtaUe one-semesser course based upon tte 
mstrscior s selection of tte three modules best matched to his/her own hneiest (or« in some cases, two 
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If dds wpeiimBut proved sarcessful. the i^t stq) wtmld be a secooi set of nradales to aUow a 



Professor 

plan is 10 dev^^ coarse socials which can be o f fered by 0 nHflj»ftif « g or tectaffilogy 
pn^s»n' (n masBdi fim tte engmeoing schooj k> raro-^n^jors), or by a pl^skal s^itKe i a ofessw 
(pn^sably physics or eanfa sciesce) with a strong interest in a H> licaa o ns. 

TbteaaB»t£matda^ appeal mpn-seT\i^aiacdss^ 



DesimbU Course Coverage 

Tbt coaat mnld te»h sciaice ihrough ischiKilogy ami woild sSdress v^tA^ms erf 
tech]S)lopcal. atti qaaukKive iiieracus. We antic^iau the ctnow wiw^ saiisfy cose^SDctoi^ 
(aisl I8cl»»b)sy. vtere retevKO) ye qui re ro enis. Each module wraid intoie at^mniaie Uxmnory wmk, 
although a signtftamr fiaoton of timt six^d be outside tte omvanuMal Mnmosy snaig (iha is. in tte 
real «^sld for enn^ sBeassanaus of disiann tavelled by inenial nav^aua osis^ a carpenter's 
level, of bnikiing wcess3]ility for the handicapped, and of ntsK 

Woric in de r^Salar sdene labomoo' rooms wouM xesrtoed to eqi^^ 



Desirable Charaeteristies for Teachability 

(1) Each case maly is iniroduced via a cisarly retevam prelum, bai (a» fading to scie:«e in 
the form familiar to the ptosis teacher so thai course coveia^ is not threatening. For example. &:»->'ear 
physKS typically inclmtes units m 

General lam efmoaon - bers menial navigatioi by both ani£^ sni 
jriiysiological snsoxs (»uld be used. The sjm» program obvlrasly 
provides aiattraoive case study. The api^t^ of using a TV camera 
as basic insmsneniaucro allows analysis cf etevator pafonsasce or 

Electridsy md magnemm - hers we have tte exissing by JeStty on 
bean pacmg ami ite work by Copp/Zanella on etocoificffiios dhM 
Angeles. Tli^ unit would lead nauixaUy imo tbt lo^ awl etentmxc 
dxofitsiinisDeilixuvely by BaireuHazeliineaiKiodsss. 

Wow mmiim ^ tee soond and audio systems pi^viife an annnhre vdwle. 
The i nea q pg i s i v e Fadio Shack sound*levtl meter allows ^ef^yiffirnf lo 
malse nHascren»ou in real envnimmems mi Imis naaraUy mto finieral 



* This fommwcm&l also allow c^ermg a course in the pattern devek^^ed by Bob Wbeeler at Yale, i^^tot 
six cait'Oedit imiis ace cffsed 

A ami B tfm Jim third of the semester 
CimdD^xamd third 
EmtdFOieksi third 

SKisaaiemscaDeiectsaQrdaeefocmUtfOT full course. 
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legniarifws w lauiea wwtaar healih. Aprifnmwr y eyiitmiem often 
amlafete on JosB fiom tatlib oottas. 



^g fgy - ti»e model of U^. ohI gtobel eaetgsf nae « u nj «h ««iTn liie 
to pm ia Hc e and pMmiml td cmaeiwuka (tfa^ anty can iaclnfe a 
pewu ai adi t of enggy mo). New somccsitfelec&kal energy poom 

cm the eiilim] imjuwiaiMW t^tnmf^^^\ff^^ 



TOsaitenomalsiBagicaiaiaiiodnw 

and evolminnarv m light rrf tt» e^^it^i^^if ^pm i i t „,i^ ^ 
^. G) Becnoaric.cdncalliisiDricaL«rfps^ 

(4) QaMUwm acdviaes. (tam mimwioiis . movfes or apes, and slides mma hi> tt>a(f fly ,w HiiiaM > 
H> US sistnzctor. 



Weneediomeet^driiteyiuiuuuiHi&nmafewcompr^^ 
que$n{msbe£msscfacouisedevek)|m»ttisin&iai^ -^muow wvraogaiesevmi 

(1) W<wUsi^aMm8ebeaiw»veioyoar6co^ 
QeariyaateactaymaienalswwldhavgfflbeavaflaMff 

(2) WotM yotg academic envininroem alloy approval <rf snch a aanse ^Hcf y a 
retjuireneDt in gwnft^i ediKattn? 

(3) Woj^yooliaveoncortwoconeagnesia^^ 

T^aaswOT to sH^qneaions are nor ample. exampte. Uie «mimon yeaito riiy^ 
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VIEWS FRO?^ A LIBERAJ;^ ftKTSr C9Llfg9IS 



TECHNOLOGICAL LITERACY: 
VIEWS FROH A LIBERAL ARTS COLLEGE 

Thomas Wasow 
Stanford University 



The division between what CP. Snow labeled **the two 
cultures" — that is, between the technical scientific disciplines 
and the huaanistic fields of study — is deeply ingrained in our 
society. This is indicated by the variety of colloquialissis used 
to naJce the distinction: "techie" vs. "fuzzy", "hard" vs. 
"soft", "neat" vs. "scruffy", etc. Many students classify 
themselves at quite an early age — often well before college — as 
belonging to one or the other of these cultures. All too often, 
such students concentrate their studies as heavily as possible in 
one culture, taJcing as light a load as they can get away with 
fron the other culture. 

I find this situation distressing. I majored in mathematics 
as an undergraduate, switched to linguistics for graduate school , 
and have a joint appointment in departments of linguistics and 
philosophy. Hy research and teaching overlap, on the one side, 
with philosophical issues in metaphysics and epistemology, and on 
the other, with artificial intelligence- emd formal language 
theory. On the more applied side, I have been actively involved 
in the development of software for nattiral language processing. 
In short, ay interests have always spanned the two cultures, and 
I firmly believe that a genuinely educated person must know 
something about both. 

Quite apart from ay own predilections, there are practical 
reasons for encouraging students to learn about both cultures - 
As technology comes to play an ever grater role in our daily 
lives — through the revolutionary developments of the last few 
decades in electronics, physics, chemistry, biology, and 
medicine — it becomes increasingly important for inforined citizens 
to have some basic understanding of science and technology. We 
cannot maintain a democratic form of government if we surrender 
to the expezrts all authority over such vital issues as 
environmental policy, product safety, computer privacy, 
appropriate choices of military technology, etc. While the 
opinions of the professionals must carry special weight, the 
final decisions should be made by a wider public. But this is 
only possible if that public is technologically literate. And if 
this is an unreal istically optimistic goal, then it is especially 
important that students at institutions which produce a large 
share of society's leaders become technologically literate. 
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It is, of course, equally important that all of our students 
attain what we sight call huaanistic literacy. We have learned 
from experience that technological advances almost always entail 
social and ethical consequences. Scientists and engineers must 
have more than mere technical expertise, otherwise, we end up 
vith, as Martin Luther King put it, "guided missiles and 
misguided men.** But, as has often been observed, there is an 
asymmetry: humanities students avoid the quantitative 
disciplines to a far greater extent than the students in those 
disciplines avoid the humanities. 

Courses in history, literatiure, philosophy, and art are 
regarded by science students as pleasurable diversions, so no 
special efforts are needed (at Stanford anyway) to get them to do 
coursework in these subjects. Moreover, i^ile it is regarded as 
socially acceptable for humanists to be technologically 
illiterate, no educated person admits to humanistic illiteracy. 
My former colleague in the dean's office. Brad Efron, a 
distinguished statistician, has developed a pat answer to express 
his annoyance with people (of whom there are many) who tell him 
how much difficulty they had with statistics in college. He asks 
them, **Kotad you brag about flunking English?** This, in a 
nutshell, epitomizes the asymmetry between the two cultures. 

The asymmetry m-:irifests itself in the curriculum. While 
most colleges offer courses of the "Physics for Poets" ilk, none 
that I know of offers <*Poetry for Physicists." Science and 
engineering students are expected to study humanistic subjects in 
the same classes with all other students, but special science 
courses are provided for humanities students. 

One reason for this (though by no means the only one) is 
that the scientific disciplines are vertically structured, in the 
sense that topics build on one another in such a way as to define 
a relatively fixed sequence in which courses must be taken. It 
is not possible, say, for an English major to take as his one 
natural science course a quantum mechanics class designed for 
science students. In contrast, a physics major can take as her 
one literature course a Shakespeare class designed for humanities 
students . 

One alternative to courses like "Physics for Poets" is to 
have every student take the entry level course in one of the 
sciences — the first term of physics or chemistry, for example. 
Many students take this option; at Stanford, for example, most 
students satisfy their mathematics requirement with the first 
term of calculus. But these entry level courses for science 
majors are not generally very good one-shot introductions to 
science. Courses designed for the student who will not go on in 
science can do a better job, though their instructors xsust guard 
against the tendency to oversimplify to the point where the 
students are not challenged. 
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In the remainder of my remarks, I %rant to tell you a bit 
about vtiat we do at Stanford to induce our non-science stud'^nts 
to learn something about mathematics, science, and technola,/. 

Reauiranentp 

First, we have a system of distribution requirements 
designed to guarantee breadth of study. It includes three 
requirements whose objective is, at least in part, to enhance the 
technological literacy of our students. Every undergraduate must 
take at least one approved course in each of the following three 
areas: Mathematical Sciences, Natural Sciences, and Technology 
and Applied Sciences. The last of these is clearly the most 
directly relevant to the topic of this workshop, so I will quote 
in full the criteria a course must fulfill in order to satisfy 
this requirement: 

Courses that satisfy the Distribution Requirement in 
Technology and Applied Sciences normally must: 

a) give students an appreciation for 
typical intellectual techniques and 
styles used in technology and applied 
science, 

b} give students an appreciation for some 
of the capabilities and limitations of 
technology and applied science, 

c) give students an understanding of the 
fxuidamental theory, history, social or 
environmental impact of the 
discipline% 

d) be ioi technology and applied science 
rather than about it, 

e) have an appreciable quantitative 
content, at an appropriate mathematical 
and scientific level, 

f) be taught by practitioners, 

g) be reasonably accessible to people 
outside the major. 



There has been some discussion of late as to whether the 
phrase " f tindamental theory" should be deleted, to strengthen the 
commitment to making courses satisfying this requirement socially 
relevant. 
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This academic year, twenty-six courses have been certified 
to fulfill this recpiireBent. Sixteen are froa the School of 
Otgineering, six fr«B the School of Earth Science, three from 
the School of Humanities and Sciences, and one is cross-listed in 
Si^ineering axul H&S. Topics are wide-ranging, including 
"Management of Geologic Hazards," "Prograamix^ l^thodology, " 
Applied Mechanics-Statics," "Models and Applications or 
Operations Research in Society," and "Technology and Musical 
Aesthetics." Some are courses that are part of the normal 
sequence to satisfy a technical major; others are intended for 
science and engineering students but are not part of any major; 
and a few are designed for students who will take only one course 
in the general area of applied science. 

The courses in this latter category are not merely watered- 
down versions of what engineering students take. Rather, faculty 
have sought out topics in applied science that can be treats! in 
a substantive way with minimal technical bacJ^round. An example 
is a course called "Automobile Technology" that deals with how 
cars %rork, why they are designed the way they are, how they 
affect air pollution, and aspects of engine design for improving 
exhaust emissions. 

The most widely taken course to satisfy the requirement is 
Computer science 105A, "Introduction to Computers," which is 
described as follows: 

For non-technical majors to develop a 
working knowledge of coaputers as utilized in our 
society. Two major components: programming and 
issues. Karel and Robot and Pascal are used to 
expose students to the concepts of structured 
programming. Topics: artificial intelligence, 
databases, spreadsheets, graphics, security and 
privacy, computer systems, human factors, 
hardware, and networks. 105A requires 
considereOsle interaction between student and 
computer, but is oriented toward students without 
strong math and/or technical background, and 
assumes no previous computer ex{»rience. 

About a third of our undergraduates take this course, and in many 
cases it leads them to do more course work in computer science. 

Probably the most interesting means we offer for fulfilling 
the applied science and technology requirement is a year-long 
course sequence entitled, "The Nature of Technology, Mathematics, 
and science," which also satisfies the mathematics and natural 
science requirements. Co-taught by a mAthematician, a physicist, 
and an engineer, this sequence introduces students to a wide 
range of topics falling under the following general headings: 
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- Ny&bers 

- Radio Astronomy 

- Energy and Engines 

- Relativity & Non-Euclidean Geometry 

- The Coaputer and the CT Scan 

* Physics - Quantum theory, Elementary Particles, and 
Cosmology 

- Engineering Design 

The treatment of this final topic includes dividing the 
class into groiips of five for a final project consisting of 
designing a specified device (such as an electric 3-wheeled 
vehicle) . The design teams must develop precise specifications 
for the device and research the availability and price of the 
necessary component, though they do not actually build it. 
students complain about how dema nd i n g this assignment is, but 
take great pride in their accoi^lishment vhen it is completed. 

As wonderful as "The Nature of Technology, Mathematics, and 
Science** is, it is not without its problems. It requires an 
enormous investment of time on the part of the three instructors, 
since they attend each other's lectures and irork together to 
integrate them. When one instructor goes on leave or takes on 
some conflicting obligations, it is extremely difficult to staff 
the course. This year, it is not being offered because one 
crucial professor is on leave. Next year, it is being divided 
into three more discrete courses, in order to reduce the time 
required of the three teachers; I do not know whether this will 
be a permanent change. 

The science requirements are not the only ones that we use 
to try to instill some degree of technological literacy. One 
especially innovative effort is "Technology and Culture," one of 
the eight year-long cooirses designed to satisfy Stanford's 
freshman requirement Jcnown as "Cultures, Ideas, and Values" (or 
CIV for short) . The other CIV courses deal almost entirely with 
the history of politics, philosophy, literature, and art, larxfely 
in Europe, but with some attention to the influences of other 
cultural traditions. Technology and Culture, on the other hand, 
gives special attention to the manner in which science and 
technology shape, and are shaped by, the other aspects of 
culture. It deals not only with the development of science and 
technology in Europe, but also with the influence of Islamic and 
Chinese ideas on European scientific progress. The latter part 
of the course deals with some of the major challenges facing 
today's world that have a technological component, such as 
nuclear weapons, the environment, and recombinant DNA. 

This year, for the first time, students in Technology and 
Culture will be divided into groups to design a final project. 
They must research and recreate a significant technological 
artifact from the period covered in the first two-thirds of the 
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c^mrse (pre-lSth centiiry) , %ra:iting a paper describing the 
research and construction of the artifact. 

Technology and Culture is the aost requested of the dV 
courses, though staffing problesis make it iapossible for us to 
accom&odate all of the students who request it. 

General education requirements serve the function of 
motivating students to do coursework in particular areas of 
study. They are, hovaver, a rather brute- force source of 
TOtivation; other, B»re subtle, means are also availEJale. At 
Stanford, a particularly effective mechanism for encouraging 
students to eaeplore new intellectual terrain is the 
interdisciplinary program. Almost a quarter of our 
undergradiutes select interdisciplinary majors, many of them in 
programs that integrate material from the hiunanities, the social 
sciences, the natural sciences, and engineering. 

The largest and oldest of these programs is Human Biology. 
With the participation of faculty from at least ten departments, 
it gives students the opportunity to study human beings as 
natural , evolutionary, and social organisms, and to explore human 
issues from the perspectives of anthropology, biology, 
psychology, and sociology. Another well established 
interdisciplinary program is Values, Technology, Science, and 
Society (VTSS) , which draws on faculty from the Schools of 
Engineering and Humanities & Sciences to escplore the social 
ia^lications of scientific and technological develoianent. This 
is the Stanford program that has been identified several times at 
this worlcshop as being an STS program. It is the institutional 
home for two courses described above, namely, "The Nature of 
Technology, Mathematics, and Science" and "Technology and 
Culture." Aside from these two courses, however, VTSS's 
curriculum is not directed at the issue of technological 
literacy. Rather, it is concerned with educating engineering 
students about the societal impact of technology. The School of 
Engineering requires each of its students to take at least one 
course in VTSS. 

Two additional programs that cross the boundary between 
science and the humanities have recently been added to the 
Stanford curriculum. The program in the History of Science 
investigates the social, political, and intellectual contexts in 
which scientific progress has occurred, revealii^ the profound 
connections between the two cultures. Last, but not least. 
Symbolic Systems is the newest of our interdisciplinary programs. 
It brings together philosophers, linguists, psychologists, and 
computer scientists to investigate fundamental questions about 
the nature of information, intelligence, and communications- 
questions combining traditional epistemological issues with new 
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conceptual and technical probleas raised by the (^aputer 
revolution. Syabolic Systems has been especially successful at 
involving researchers from nearby industrial research labs 
(especially the Xerox Palo Alto Researdi Center and SRI 
International) in the teaching of undergraduates. This has led 
to the placement of many Symbolic Systems students in jobs in 
these labs. For those students who aamm to the major vith 
primarily humanistic interests, this constitutes an especially 
effective way of drawing them into the world of te^mology. 

Yet another interdisciplinary program is currently under 
development. Earth Systems will bring together earth scientists, 
engineers, biologists, and economists to provide undergraduates 
with a rigorous introduction to issues of environment. This 
program, even more than any of the others, seems liXely to draw 
students from the hiimanities and social sciences into some depth 
in the natural and applied sciences. Given the strong interest 
in the environment among Stanford iindergraduates , I expect this 
major to be quite popular, its daunting list of requirements 
notwithstanding . 

Each of these programs promotes technological literacy by 
motivating the study of science and technology on the basis of 
political, philosophical, or historical concerns. Students who 
may not derive intrinsic pleasure from studying quantitative 
disciplines are led to gain some knowledge i:«f technical fields 
through their desire for a better luiderstemding of certain 
societal or ethical issues. 

conclusion 

I hope I have made clear that Stanford takes a many-faceted 
approach to the problem of providing our students with 
technological literacy. 

We are aided in our curric _ efforts by our location in 
the heart of the R&D portion of Silicon Valley, for the influence 
of technology is even more obvious there than elsewhere in the 
society. Computers are in evidence everywhere on campus (thanks, 
in part, to generous donations from a number of corporations in 
the neighborhood) . Host undergraduate dormitories are equipped 
with miprocomputer clusters linked to a campus-wide network, 
givin^p students easy access to an array of facilities (e.g., the 
library's card catalog, on-line databases, and electronic mail). 

Increasing numbers of faculty make use of courseware in 
their teaching, which requires students to gain the minimal 
computer literacy needed to do their assignments in those 
classes. Among the courses that have begun integrating the use 
of computers into their syllabi is Freshman English, which is a 
degree requirement for undergraduates. Other subjects using 
courseware include thermodyneimics , logic, French history, an-i 
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French language. It is now consequently virtually lapossible for 
a Stanford undergraduate to avoid soite hands-on eaqperience with 
ccniputers. This is an extremely useful step in breaJcing down 
technological illiteracy. Further steps are provided by 
requireaents, courses, and programs like those Z described 
earlier. 

ThBTB is, nevertheless, considerable room for ia^rovei&ent. 
Too many of our seniors still graduate with the csonviction that 
they have no ability or interest in science and technology. I 
fear that some will, like Brad Efron's pet peeves, boast of the 
difficulty they experienced in satisfying our science 
distribution requirements. I am eager to do more to promote 
technological literacy at Stanford and am grateful for the 
opportiinity to learn from leading experts in this field. 
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VTgWS FSXm THE ENCHIRKHTliS f!nT.T.RffR; 
gUCIMEERING FOR NDN-EMGIMEERS 

Curtis J. Tooqpklns 
Wes-t Virginia Dtoiversity 



First of all, the title of my presentation, "Views froa the 
Engineering College," is obviously prssuBptuous and naive. The 
engineering college iji^lies a six^rularity that most be put aside 
ismediately. In ay eleven years as dean of ex^ineering at a 
comprehensive, state land-grant university, six years of service 
as an officer of the Engineering Deans Council axni five years on 
the Engineering Accreditation Commissim, and currently as 
President of the American Society for Engineering Education, I 
have gained an appreciation and uiuierstas^ix^ of the diversity 
and independent-minded nature of engineering educators and 
engineering schools in our country and, indeed, in many other 
countries aroimd the world. 

And yet, I will presumptuously and possibly naively go right 
ahead and pontificate on the subject tissigned to me this 
afternoon. In doing so, I am reminded of the old story about the 
man who drowned in the great flood in Johnstown, Pennsylvania. 
Upon approaching the pearly gates, the man was told by St. Peter 
that each new resident of heaven was required to be initiated and 
introduced to the incumbent residents by giving a formal address 
on the most significant and noteworthy event of his or her life. 
The man enthusiastically replied that he would tell the audience 
about his experience in the Johnstown flood, only to discover, 
sitting in the center of the front row, of the audience, a long- 
time resident by the name of Noah. 

Now that man bad it relatively easy, because there was only 
one Noah. In the case of today's participants I can only ask in 
advance for charity on the parts of the veterans, the "old pros," 
such as John Truxal, Rustum Roy, David Billingtpnr and the great 
majority of you who have toiled in the vineyards of technological 
literacy for many, many years. 

The mission statement of the American Society for 
Engineering Education (ASEE) states that "ASEE should foster the 
technological education of society." We have not done much of 
that during the 98-year history of ASEE. A few of otir 
engineering schools have placed some emphasis on providing 
engineering courses for non-engineering students, but we can 
count the number of schools which have made sustained and 
substantial efforts on our fingers. A few faculty leaders, many 
of whom are here today, have been articulating a vision for 
engineering and science faculty to provide more opportunities for 
non-science and non-engineering majors to learn about science and 
engineering. More than 95 percent of our faculty have been 
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preoccupied with the education of those oajoring in engineering 
or engineering technology. 

Our nation appears to be at a significant crossroads in 
shifting the paradigm of nathexoatics and science education for 
non-scientists and non*-engineers. President Bush and Secretary 
of Education Alexander have impressed many of us with idiat I want 
to believe is a very real and sincere commitment to improving K 
through 12 education in our country. 

As we approach this crossroads, what are some of the roles, 
realities, and responsibilities of our engineering schools in 
improving technological literacy of non-engineers? While a few 
pioneering institutions and individuals have been working 
diligently on this challenge for several years, and should be 
applauded, as a nation, we have not made satisfactory progress in 
i^roving technological literacy when measured against the 
unfilled needs in this regard. How do and should our engineering 
and engineering te€:hnology schools fit into the enhemcement of 
science and engineering awareness and ]cnowledge of the general 
citizenry? 

consider the following five statements: 

1. Less than 15 percent of the 3300 colleges and 
universities in the United States have accredited 
engineering or engineering technology prograsis. 

2. I believe that a large majority of the deans and faculty 
of our nation's engineering and engineering technology 
schools agree that a technologically literate society is 
important, and probably essential, to U.S. 
competitiveness in the global economy as well as to an 
individual's ability to make decisions — public policy, 
corporate policy, and personal decisions. 

3. I further expect that most engineering technology and 
engineering deans and faculty members would say, in the 
ideal, that each and every one of our nation's 
engineering and engineering technology schools should 
make significant contributions to the technolc^ical 
literacy of our citizens, particularly of those students 
enrolled in non-engineering programs at their 
institutions . 

4. However, I am very confident that nearly every 
engineering and engineering technology dean would be 
quick to point out that virtually every school of 
engineering or engineering technology is saturated with 
demands upon its faculty to teach undergraduate, cuid in 
many cases graduate, students majoring in engineering or 
engineering technology, to conduct rese&i.'ch, and, in many 
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cases, to provide continuing «iucation and other outreach 
services. The enrolXaent of laajors In engineering or 
engineering technology has generally been sufficient to 
occupy our faculty; that is, engineering and engineering 
technology faculty have not felt coa^lled to seek non- 
majors to populate our courses. Indeed, many, if not 
most, engineering schools have limited, that is to say, 
controlled, their enrollments. 

5. Very, very few deans or faculty of humaniticus and social 
sciences schools want their majors to take courses in 
engineering or technology. 

Putting these five statements together, a summary of the 
opening portion of a conversation with engineering and 
engineering technology deans on my assigned topic, might be as 
follows: 

**l9hile we recognize and support the need for 
improving technological literacy in the U.S., our 
plates are full. It is just not realistic to eacpect us 
to do much in this area. Besides, we only exist at a 
small percentage of our nation's colleges and 
universities. Even if we did a bang-up job at our 
institutions, more than 85 percent of the colleges and 
universities would not be served. And the faculty of 
humanities and social sciences don't want more 
technological content for liberal arts students." 

In fact, such a conversation would probably parallel in many 
ways a conversation about improving X-12 education. Everyone is 
for it or at least recognizes the need, but not many engineering 
or engineering technology schools are doing much about it. And 
apparently we have not been expected to do much about it. 

I wrote to some of my fellow deans of engineering recently 
and asked them the following questions: 

1. What is being done or is being planned at your 
institution pertaining to the technological literacy of 
non-engineering and non-science students? 

2. Should ASEE make this a high priority item? 

Fifty-three engineering deans responded; post of them wrote 
long, thoughtful letters. I view the responding schools to be 
representative and a statistically significant sample of our 
nation's engin^^ering schools. 

I want to share with you specific comments from some of the 
responding deans as well as a summary of my findings from this 
survey. First, I found that more than 90 percent of the deans 
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were positive and encouraging about ASEE playing a leadership 
role in inproving technological literacy in the united States. 
Many of thea suggested that ASEE coordinate closely with the 
various technical and professional societies as well as with 
other organizations interested in this subject. 

Second, &ost deans, even those whose schools have been 
providing engineering courses for non-enginMrs, felt that their 
schools would not have such ia^ct on technological literacy on 
their own caopuses. By the way, twenty-six of the fifty-three 
responding schools plann^a to offer or did offer momm coursework 
for non-engineering students. "Some" in aost cases translates to 
"three or less" courses; enrollment in most of those courses at 
most schools was small—less than fifteen students per section. 

Permit me to share some direct quotes from a few of the 
letters I received: 

1. "Generally, I believe very strongly that my College of 
Engineering and indeed any college within a imiversity 
should play some reasonable role in providing for the 
general education of all university students." (Bob 
Snyder, University of North Carolina at Charlotte) 

2. "It is interesting that our non-engineering colleagues 
on campus are very concerned about our engineering 
students receiving a well-rounded education including a 
niunber of courses in social humanistic areas, but they 
are not concerned about non-engineering students 
learning about and developing an appreciation for 
technology." (Win Phillips, University of Florida) 

3. "My discussions with the dezm of the College of 
Business and Economics indicates that the faculty of 
that college feel a lack of technology literacy in 
their program, and they are planning to introduce 
requirements in both science and technology literacy 
that exceed the ones they have now." (Alan Pense, 
Lehigh University) 

4. "There would have to be significant changes in the 
support by our central administration (both morally and 
financially) and by the faculty outside of engineering 
before we could stibstantially increase our Effort in 
these areas." (Carl Erdman, Executive Associate Dean, 
Texas A & M) 

5. "It is obvious that ASEE won't be able to make any 
inroads by itself, and will have to work with other 
educational organizations that represent the non- 
science and non-engineering degree students." (James 
O. Wilkes, Assistant Dean, University of Michigan) 
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6. "Princeton has recently initiated a imiversity-vlde 
effort to enpand and stsr^ngthen the "Science for Non- 
Science HajorSr" aiKl the faculty at the f;ci.ool of 
Engineering are actively invol^M in revisii^g and 
creatizsg new coxirses." (Hisashi Kobayaahi, Princeton 
University) 

7. "There is no real reward or incentive for faculty 
(especially young faculty) to get involved and there is 
often criticism of older (and more highly paid) faculty 
teaching small classes to non-engineering students." 
(Paul Hartiaan, Professor, University of Central 
Florida) 

8. "I an not satisfi»i with the courses that are called 
technology since they are too few in order to introduce 
any significant nionbers of our students to the real 
world of technology." (Otis Sproul, university of New 
Hampshire) 

9. "A significant fraction of the liberal arts students 
have not taken the high school courses in mathematics, 
chemistry and physics that could serve as a basis for 
developing meaningful courses." (Jim Malone, Emeritus 
Professor, XTniversity of Kansas) 

10. "I believe that we have established an image of 
inscrutability, is^ossibility, and insensitivity i^ich 
has now come to haunt us. We frighten other college 
students; we myopic nerds with pocket protectors and 
wing-tip shoes have created an unfortunate monster and 
in order to sell our stuff, vb must first rebuild our 
image and even our credibility as concerned citizens." 
(Jim Cross, Old Dominion University) 

11. "A position statement or policy firom ASEE would be 
beneficial for drawing attention to a serious concern 
that faces the nation." (Eric Soulsby, Associate Dean, 
University of Connecticut) 

12. "As you know, engineering education progresses through 
the phases of science, engineering science, anr lysis, 
and design. Although these can be integrated somewhat, 
each phase basically builds upon that which has 
preceded it. He have been unable to develop an 
alternative that we consider o^anlngful. without such 
an alternative, too much time in the non-engineering 
curricula must be devoted to this to be accepted in 
such curricula. This, we believe, is the fundamental 
issue. If this can be solved, then we believe progress 
could be made." (Paul DeRusso, Associate Dean, 
Rensselaer Polytechnic Institute) 

65 



ERIC 



At a z^ent annual Engineering Deans Institute, I bad a 
conversation with several of ay fellow deans on this subject. 
Here are soae of the questions raised and coaaents aade lay those 
engineering deans; 

- "1 haven't had the dean of arts and sciences &sk for 
engineering courses for liberal arts students.** 

- "Yeah, and our university facta ty senate wants acre 
huaanities and social sciences to be taken by engineering 
students, not acre technological content for the liberal 
arts students.** 

" **Even if we wanted to provide acre engineering courses 
for non- engineering students, I don't believe our central 
adainistration would reallocate resources to support such 
an activity. And anyway, if we did receive aore 
resources, I have several higher priority activities in 
which I would invest thea.** 

- "What do we aean by technological literacy? Is it 
possible to provide sufficient technological course work 
in a non-engineering degree prograa to be able to claia 
that a student is technologically literate? When is 
enough , enough? " 

" '*Are science courses prerequisite for engineering courses 
for non-engineering students? If not, wouldn't our 
engineering faculty have to teach science baclcground as 
well as engineering? What should the content of 
engineering courses be for non-engineering students? Can 
we get our faculty to agree?" 

- "Is a little knowledge dangerous?" 

- "Is a person with a Ph.D. in science or engineering 
technologically literate if he or she doesn't know about 
or understand environmental or coaputer or aanufacturing 
or life sciences issues?" 

"And besides, what do most of the schools of aedicine, 
law, dentistry and nursing do for non-aajors? Very 
little or nothing, that's what. So why should we feel 
guilty about not doing more for non-aajors?»* 

I will not go on quoting froni that part of the conversation 
because I expect that you have an adequate flavor. Let ae hasten 
to a much aore constructive, hopeful and upbeat portion of our 
conversation. (Deans, by the way, like aany people, tend to get 
a few things off their chests, at least when they are with fellow 
deans, especially if they feel someone may be thinking about 
iaposing something unreasonable on their faculty.} 
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I am pleased to report that ve arrived at several 
fimdaaental concepts on which most of us could agree: 

a. We need to distinguish between soaeone who is activated 
and prepared to learn on his or her own about 
technological Batters and soate^ie who is not. Our 
primary goal should be to increase substantially the 
nuBber of individuals, particularly young people, who 
are sotivated, inspired, and prepared to learn on their 
own on a continuing basis about technological natters. 

b. The ways xaany science, mathematics and engineering 
courses eure taught would not be particularly stimulating 
to students who are not majoring in science, mathematics 
or engineering. 

c. More students will be interested in finding out about 
real world problems and opportunities than about the 
details of the underlying science, mathematics or 
engineering. For example, libeiral arts students zaay be 
motivated to learn about solid waste disposal, acid 
rain, global warming, international ooaqpetitiveness , 
applications of advanced materials, alternative fuels, 
applications of artificial intelligence, transportation 
problems, applications of autonomous robots and dozens 
of other technological challenges and opportunities. On 
the other hand, fewer students would be immediately 
desirous of learning about free body diagrams, naterial 
balances, energy balances, fluid mechanics, 
thermodynamics (at least the way it is usually taught 
for engineering students) , and many of the other 
engineering science subjects required of engineering 

ma j ors . 

d. Once motivated by an interest in a problem (such as, for 
example, acid rain) , the student should be provided 
information on basic principles that pertain to the 
problem, realizing that the objective is to increase 
awareness of the important basic principles and 
knowledge about where and how to find out more if the 
student is so inclined. 

e. This a different perspective than most engineering 
faculty have employed in teaching engineering majors, 
although it might be a good perspective for doing that 
too. Some faculty would be very good at this; some 
probably would not. 

f . The United States should have a citizenry with a high 
degree of technological understanding and capability. 
This ideal is achievable if we make a high priority 
commitment to assure that it becomes reality. 
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g. LDce aany ideals yet to be accomplished, widespread, 
adequate technological literacy in our nation will not 
be realized unless sufficient comitments are Bade and 
kept. We need to define vhat ve aean by the terms 
"adequate technological literacy" and "sufficient 
coomitaents" in this context. And ve should specify who 
needs to make those comsitisents. 

h. He need a widely shared vision, and we need to sake a 
coaaitaient to that vision. Absent such a unifying 
vision, we may never accomplish satisfactory 
technological literacy in our nation, at least not in 
the next dozen generations. 

i. We also must be realistic about the iiapediments, 
barriers ax^ hindrances to the achieves^nt of the shared 
vision»-not to be preoccupied with those ia^ediments-* 
but to be aware of what stands in the way of 
accomplishing our ideals. 

j. Engineering and science facility should be involved in 
designing undergraduate courses which prepare and 
stimulate students to continue to learn about 
technological matters. 

k. Our schools of engineering, the National Science 
Foundation, the American Society for Engineering 
Education and the Accreditation Board for Q!igineering 
and Technology should work together with other 
interested parties, including state and federal 
government, to make significant contributions toward 
is^roving the technological literacy of our citizens. 

1. We need a national strategy for accomplishing widespread 
technological literacy, and we must have coordinated 
local, state, and regional activities to make it happen. 

At a fairly practical level, I believe that we should focus 
on the primary goal of increasing substantially the n\isd>er of 
individuals, particularly young people, who are motivated and 
prepared to learn on their own on a continuing basis about 
technological matters. 

The relevance of the subject matter will provide significant 
stimulation, and, therefore, we must stress relevance. And there 
are two other factors that I view as equally in^ortant: the 
approach that is taken (i.e. good pedagogy) and the teaching 
skills of the faculty. These three factors— relevance, pedagogy, 
and teaching skills— are so obvious that they may be Wren for 
granted. I believe strongly that they must not be assumed; they 
must be assured. These three legs are important if the table we 
are talking about building is to stand the real test. That test 
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is singly whether individuals viXl hm stianUated and TOtiivatfid to 
want to continue to learn ab«it science and engineering. In 
summary, assurance of widespread technological literacy depends 
on assurance of perceived relevance, interesting aethods of 
learning, and the skills azui enthusiasa of those who provide the 
subject matter. 

Working together, we can overcome impediments and accelerate 
achievement of o\ir shared goal to have a citizenry with a 
continually is^roving tec^ological understanding. Owe nation 
will benefit greatly from accomplishannt of this goal. 

As suggested by several of my fellow deans, ASEE, ABET, and 
our engineering and engineerix^ technology schools cannot "go it 
alone." We need to work with others who should be interests and 
whose influence and power are necessary to shifting the 
technological literacy paradigm. Perhaps a first step is to 
assess and then strengthen the interest of these other essential 
parties. And I expect that we need to be prepared for a long- 
term, ongoing campaign to induce appropriate change in the 
thinking and priorities of those who influence ai^ decide the 
content of educational programs for non-engineers and non- 
scientists. 

Having said all of that, I must hasten to add before 
closing, that ASEE has taken a very hard look at its priorities 
during the past twelve months and determined that there are five 
top priority strategic categories on which it should focus: 

Vitality of engineering education through restructuring the 
future 

Improving engineering education through Innovations and 
total quality leadership 

Globalization and internationalization of engineering 
education 

Outreach to youth to encourage pursuit of engineering 
education 

Research dimensions of ASEE to reflect the realities of 
modem engineering education and educators 

As we restructure and innovate and improve our outreach to 
youth we should (and I want to say xsnst) focus on that part of 
the ASEE mission statement which I quoted at the outset of my 
presentation, namely, that "ASEE should foster the technological 
education of society." Given that the great majority of the 
engineering schools in our country are members of ASEE, I believe 
that there is a solid basis for being optimistic about prospects 
for the involvement of engineering colleges and engineering 
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faculty in achieving this element of ASEE's stated mission. The 
guidance and is^tus provid&l by this workshop could be 
instrumental in making this happen. 



/ 



/ 



70 



6^ 



ENGINEERING AND THE LIBERAL A! 

David P. Billington 
Princeton University 



This lecture seeks tc present soae general ideas, several 
definitions that help clarify the ideas, and a brief outline of 
two courses which illustrate how general ideas can be a framework 
for the teaching of engineering to liberal arts students. 

First, the term **Technological Literacy** is so vague that 
any discussion of it needs a narrow focus to achieve any lasting 
results. Such a tocua provides a discipline within which the 
teacher can present a broad integration of academic material. 
Second, the best teaching has always been done by individual 
teachers. While I know of some successful e3£{»riments in team 
teaching, they rarely survive economic pressures. Although not 
requiring team teaching, integrated instruction does require 
close collegial cooperation in which we instruct each other, read 
critically the lecture notes of each other, and even at times 
carry out joint scholarship. Third, teaching technological 
literacy requires the use of historical case studies based upon 
scholarship but written expressly for student use. Finally, 
until there is a strong tradition of widely used studies, the 
writing of new historical case studies needs to be done in 
collaboration with a network of teachers from a variety of 
schools in higher education. In this way, as the Sloan Program 
^f the New Liberal Arts illustrates, the teaching materials will 
oe disseminated quickly to other schools. But before any such 
teaching can have a national impact there needs to be a commonly 
understood definition of Technological Literacy. 

It is a widely accepted fact that the industrial revolution 
has radically transformed the rural, agrarian world of the early 
18th century into an urban industrial one of the late 20th 
century. The prime mover in that transformation has been modem 
engineering, and it is that modem development which raised the 
issue of technological literacy. Therefore, the word technw'.cgy 
in our present context is the same as modem engineering, but 
what is that? Here, as engineers we have an obligation to our 
society to present a simple credible and convincing definition. 
We have no business talking about technological literacy if we 
cannot define it in a way that the general public will see to be 
attractive, essential, and reasonable. This comes down to 
defining modem engineering, the product of 200 years of 
urbanization combined with industrial ization-'-the unique outcome 
of the industrial revolution. 
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Two Icey events established that revolution (literally 
turning points): industrialized iron and the ii^lustrial steaa 
engine. Synbolized by the 1779 Iron Bridge and the 1787 Botary 
Stean Engine, these events began a transforaation that led to the 
great structures of iron and the vehicle of stean that opened up 
the united States continent and laid the basis for a second pair 
of transfoming events roughly one hundred years later: the 
production of electric power and the gasoline powered vehicles on 
roadways and in airways. In turn, these events led to a third 
pair of engineering turning points that we can identify in the 
late 20th century: the present dominance of inforaation through 
high technology and the persistent deterioration of the 
infrastructure for low tczchnology. Out of these central 
transfoniations come four defining ideas for ei^ineering: 
structure, machine, network, and process. Each idea requires a 
treatise in itself, but in svamaxy one can ol»erve that each 
stands for one of the four main branches of a»dem engineering: 
civil, mechanical and aeronautical, electrical, and chemical. A 
close study of any one of these four will reveal in each one 
elements of all four ideas, but as defining symbols each catches 
one major aspect of modem engineering, and together they leave 
out very little, ^camples of each would be the bridge, the car, 
the power grid, and the refinery; the first two ideas are 
embodied in separate objects, while the second two are systems. 
The structure is static, while the machine is dynamic; the 
network transmits, while the process transmutes. 

Taking these ideas for a definition of technology as sodern 
engineering, we next turn to the word "literacy** and ask what do 
we expect students to learn in order to be "literate" in modem 
engineering. It is best, of course, to ask what we mean 
ordinarily by literacy and the answer is sisqply: facility with 
words (vocabuleury) , word construction (rules of grammar) , and 
writing (arguments, essay, reports, poems, and novels). There 
are, therefore, individual facts (defin^i words), connected facts 
(sentences and paragraphs) , and finally meanings (stories) . A 
literate person, we nomally say, must have some minimum 
competence in reading and in writing, that is to say in the 
passive and the active sides of literacy. 

Carrying over this argument into modem engineering requires 
us to identify or define the necessary facts, the rules for 
connecting those facts, and finally the meanings of sets of 
connected facts. Since we will use literacy metaphorically not 
literally, there is a freedom in how to translate thesa ideas 
into engineering. I shall take what seems to fit well with the 
four main ideas of engineering. The facts of engineering are 
expressed symbolically in formulas by which we pr«lict 
performance; the rules by which we connect those facts cense from 
the social context: politics, government regulation, economicfs 
and what is required to bring engineering worJcs into being and to 
maintain them. Finally the meanings of engineering lie in how 
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Individual people respond to its vorks as characteristic of 
culture tlirough aesthetics, ethira, and syabolism. 

Sach of these three caiqionents of literal stand for oie of 
the three liberal arts. The facts stand for natural science, the 
rules stand for patterns of qraap behavior typical of social 
science, and the aeanix^ interpreted toy artists, j^iilosophers, 
historians, and critics represent the humanities, therefore, in 
seeking technological literacy, we are really tryii^r to shov that 
Bodem engineering, being embedded in the liberal arts, is a 
defining feature of aodem life ai»l that liberal arts students 
can sake sense out of it by seeing its place in their own fields 
of study. But vhat specifically should be taught in the name of 
technological literacy? 

eatAmn^ ffifflU HMr[mt>^^«^g^ Literacy 

The fozsulas which eiabody the facts of sodem engineering 
are siiaple, involve no college-level iBathenatic^, and contain 
ideas that cannot be easily eacpressed any other way. We begin 
with the steaaboat, ABeri(»*s first aajor contribution to aodem 
engineering. Its motion case from a reciprocating steoa engine 
whose power ve define as 

H 

33.000 

where p m steam pressure in pounds |wr squiure inch 

Zi ** stroke (length of movement of the piston in the 

cylinder) in feet 
A « area of the piston head in square inches 
N » number of power strokes per minute 

and the number 33,000 represents "^ames Watt's estimate of the 
zOsility of one horse, one horsept wer (Hp) being ^juivalent to 
33,000 foot-pounds of work per minute. To get greater speed for 
the boat, the engineer must either inn^ase the steam pressure 
(P) , the cylinder size (L x A) , or the engine speed (N) . But 
each increase has its price. Greater steam pressure z«guires a 
larger boiler, greater cylinder size i^ans a heavier engine to be 
carried by the boat, £md greater speed TOans qnicJcer wearing out 
of the moving parts and more vibration of the boat's structure. 

Each of these terms can in turn be explored in more detail. 
For example, horsepower can also be &gpressed as 




73 



ERIC 



71 



where T « thrust of the paddle wheels agaiAst the water in 

pounds 

V « velocity of the boat in ailes per hour 

and the nuaber 375 simply converts miles-poux^ per hour into 
horsepower units. The power of the engine oust be transmitted to 
the paddle ^eels and thrust must overccM the drag, or the 
resistance to motion caused by the water. This study will lead 
us quicJcly into fluid mechanics as well as into ideas related to 
power transmission. 

One further study, of central significance to steamboat 
history and to present-day problem is boiler safety, expressed by 
the ring stress equation 




where f » the stress in pounds per square inch in the boiler 

wall that can lead to strai^t longitudinal 
cracJcs in the cylinder. 
P » steam pressure in pounds per square inch 
r >• radius of the boiler cylinder in inches 
t » thicJcness of the boiler shell wall in inches 



It is easy to realize that greater velocity (V) requires greater 
power (H^) which can be achieved by higher steam pressure (P) . 
It also Irequires more stean (used up more rapidly as N increases, 
thus a greater boiler volume (usually high r) . On the other hand 
the cost of the expensive boiler can be decreased by using less 
material (smaller t) . Each of these desirable changes (higher P, 
greater r, smaller t) increase borh the useful power and the 
danger of boiler overstress contributing to boiler explosions. 

Such analyses lead directly to the social issues surrowding 
modem engineering: public safery, private enterprise in 
competition, economy of operation and in the cost of fabrication, 
and public acceptance of new facilities. The goal of these 
scientific studies is to carry over into the social context some 
reasonably precise ideas about the potentials emd the physical 
limitations of modem engineering so that the potential and 
economic debates can be better informed. Historically these 
equations explain the origin of government regulations for 
private enterprise, and for the late 20th century they provide a 
starting point for any intelligent discussion of modem vehicles 
and future possibilities. Power generation and transmission, 
thrust and drag, drag and velocity, pressure and stress, economy, 
and safety are all .issues central to the present and future 
decisions about modem engineering. 



It is of course possible to discuss such things without 
fornulas and nuabers, but that is not technological literacy. We 
must not claim that all discussion needs to begin in fomnilas. 
Xlather the new dimension to be added to the old discussion is the 
quantitative one, and that is central to the literacy of modem 
engineering. 




George Bugliarello 
Polytechnic University 



Science and Technology and Related Literaeiea 

Each one of us may have a different viev of why ve do 
science or why we do technology, ixulesd a different view as to 
what is science and what is technology. Let ae siaply suggest 
that science is about knowing nature^includix^ oorselves"- 
whereas technology in its broadest sense is about modifying 
nature. As such it includes not only engineering, but also art, 
medicine, surgery and, i^at is pei^ps the most ccnsplex of all 
modifications of nature, education. 

The most powerful intellectual instrument of science is 
verification— the insistence on verifiable truths. Hence the 
great ia^ortance of science literacy. It provides us as citizens 
with a concept and at least some rudimentary tools that can help 
us separate the wheat from the chaff in the myriad of issues to 
which we are exposed each day and about i^ich we need to develop 
an opinion and make a decision. If nothing else, scientific 
literacy enables us to ask: how do I know that what I hear is 
true? 

Nhat we have come to call technology litexracy is actually, 
to a considerable extent, engineering literacy, and what 
differentiates engineering from other activities that modify 
nattire is a specific set of methmiologies. The ii^rtance of 
technology literacy stems from the fact that modifications of 
nature by technology are acts of immense daring by our species 
and thus require intelligent directions and controls, lest they 
become acts of hubris and destroy the very nature they are 
intended to utilize, safeguard, improve or correct. They also 
require that an understanding of the key tenets of technology 
become an essential part of the intellectual core of the 
University. 

Let me not belabor these fundamental points, other than 
stressing that the understanding of why we do science or 
technology is fundamental to education and educational reform. 
Rather, in the short confines of this paper, let me address 
derivative issues. 

Science and Technology in Society 

A number of issues stem from the fundamental is^ortance of 
science and technology in our lives and underscore it. Some of 
these issues are universal, the same the world over, while other 
issues, like the maintenance of our coa^etitive industrial 
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position or the need to improve science cklucation, are BOire 
specific to our country. Z will be able to touch only upon a 
few; thus, Z shall not be able to discuss, in spite of their 
importance, issues like the environment, natural resoiirces, 
population growth, or privacy. 

It is obvious that, in the past few decades in particular, 
science and technology — from medicine to energy to 
telecommunications— have had great impact on our lives. Perhaps 
less recognize is that sane of the major problems or issues of 
today's society occur at the interface of science and technology 
with the rest of society. They are, generally, challenges to 
traditional values (as in the birth control controversy) , 
problems of society's inability to taXe advantage of science €md 
technology, and problems of our misuse of science imd technology. 

Z shall not dwell on the challenges to traditional values, 
because these are constantly and widely discussed, throughout our 
society, in schools, in colleges, in business, in the media, and 
in families. Rather, let me talk about the other two sets of 
problems: in the first place, the fact that, in spite of our 
technological prowess in building, in generating power, in 
transmitting and manipulating information, and so on, we are 
still facing, the world over, immense problems of poverty, health 
care, education, and of real as well as functional and scientific 
or technological illiteracy. And, secondly, the fact that we are 
also facing a series of problems such as environmental 
degradation or congestion that stem directly from our technical 
and economic success. 

Health Cera. Bducatian. Poverty, and Enolovment 

Take health care, for instance. The problem is both cost 
and access. Technology has a big part in both. In terms of 
cost, in the U.S. health care uses more that 12% of our GNP — a 
figure projected to exceed 16% by 1996. Although this 
outrageously large slice of our GNP is due to several causes, a 
considerable part is associated with technology-«>a technology 
focused on the high cost or repair end of health care, rather 
than on prevention and maintenance (Bugliarello, 1984) . As to 
access, some forty million Americans are today without direct 
access to health care, because of cost. 

Technology, in effect, has provided technological fixes for 
a system for the delivery of health care that needs, instead, to 
be fundamentally restructured. Engineers, it seems, are usually 
much more comfortable working within a social system and 
accepting the status quo, rather than challenging it and 
proposing change. 

The same situation prevails in education, where, in spite of 
all our technology, our systen of education is performing 



miserably. Again, technology, rather than challenging the 
system, has operated within its confines in pieceroal fashion, 
without pressing for reform — for an intelligent integration of 
teaching and technological capabilities. 

Poverty is another example of society's inability to take 
advantage of technology. He ceirtainly have the technical means 
to produce enough food and shelter and education for all the poor 
in our coiust3^, but there is a major imbalance betwsen our 
productive capacity and our ability to use that capacity. The 
problem of poverty, of course, is not only African. It is a 
massive global problem. Unless it is solved, the %rhole globe is 
at risk, with the potential for major disasters and destructive 
social instabilities. 

There are no easy solutions to the problem of poverty, which 
is perhaps the most complex and baffling of all social problems, 
as the world has learnt from the massive failure of seventy 
years of the communist experiment. But any solution has as a 
necessary condition the wide understanding of the productive 
potential of science and technology. 

Poverty is tied to health and to education— and hence again 
to technology. It is also tied to hunger and nutrition. One of 
today's great tragedies is that in some parts of the world over 
half of the harvest rots for lack of storage or timely 
distribution that is an inefficient interface between social 
systems and technology. 

The problem of poverty is also tied to employment. We have 
se&n, in the U.S., the loss of a great deal of our manufacturing 
capacity, particularly in sectors that offered employment to the 
less educated, who have now sunk below the poverty line. The 
competitive success of the Japanese industry has truly become a 
matter of life and death for our economy. A key element of that 
success has been, as we well know, quality. The problem we face 
is that we tend to look at quality only as a technique~-as an 
issue exclusively for our engineering schools and our industry — 
rather than something that needs to become widely embedded in our 
culture. This is what makes the Japanese challenge so serious 
for us, and this is where the challenge of technological literacy 
goes far beyond the providing of knowledge about technology or 
science; technological literacy is also about the development of 
habits of precision, and reliability among all the citizens. 

Generating or retaining industrial jobs requires a careful 
industrial policy — another complex issue that a technologically 
illiterate citizenry is ill-equipped to address. 
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The Cities 



Many of the major social problems in our country and 
abroad- -poverty, disease, unemployment, and crime come together 
in the cities. And so do many of our opportunities. The 
question of cities is another of the coaplex snd crucial issues 
in which science and technology have a major role to play. 

I recently had the privilege of chairing the New York City 
Mayor's Commission on Science euid ?7echnology. The Cnnmission 
laidertook a systematic study of the role of science and 
technology in the future of the city. The conclusions vere 
basically t%ro: 

In the first place, an intelligent use of 
science and technology has much to offer to 
virtually every aspect of the city's 
operation — traffic, bousing, vaste disposal, 
competitiveness, and employment, etc. The city is a 
complex socio-technological system, but fev in the 
management of a city have a sense of system suid a 
sense — a clear and guiding sense— of coB^lexity. 

The second basic conclusion is that the 
cities represent a huge market, hungry for new 
technologies. Think, for exaa^le, of the need 
to provide the handicapped with means to climb 
steps, or of the possibility of having far more 
informative "active" street signs, or of the 
electronic augmentation of highway capacity as 
an alternative to more cement. Or, think of 
new \xrban vehicles. It is important that in 
the U.S. we do not lose the opportunity this 
immense new market offers and do not repeat 
what lost us consumer electronics, or a 
substantial portion of our automotive industry. 

Globalization affects virtually every aspect of our society 
and has been made possible by science and technology — by 
transportation and telecoimnunications in the first place. It is 
a compelling demonstration of the power of science and technology 
advances to leap-frog obsolete political and social ways of 
thinking and of functioning— to leap-frog political boundaries, 
academic philosophies, or industrial organizations and to force 
change. 

Paradoxically, the slowest institutions to truly espouse 
globalization have been the very citadels of science and 
technology — the universities that still continue to operate as 
islands wedded to one place. Teaching at a distance is just 
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beginning to emarge, and it is still far tvom rapresenting a 
tr\ay globally integrated operation, with vorldwide teaas of 
teachers, worldwide assemblies of students, worldwide access to 
laboratories for experiaents at a distance, and worldwide real 
time interactions ai^sng researchers. This is far beyond 
Mcciiiban's global village — truly the era of what Z call 
hyperintell igence . 

infrastrnetnre. the g»^«>naeBt. Interaatlenel fleenritv 

Infrastructure, the environaent, and international secxirity 
are three further aspects of a globalisix^ world which depends on 
science and technology and draws somm of its greatest dangers 
froa science and technology. 

A weak, inadequate infrastructure only aaJces life 
aiserable, but it also has a aajor iaqsact on ea^loyaent and 
econoaic develo^sent, as business now can locate t^erever it 
finds the aost favorable and pleasant environ^nt. Our liaited 
and ill-guided national investaent in infrastructure — both the 
physical infrastructure and the infrastructure of services such 
as schools or advanced university laboratories— puts us at a 
disadvantage in the international coapetition for jobs. 

The environment is becoaing a aajor preoccupation and point 
of contention between developed and less developed countries. 
What should be the levels of environaental protection 
investaents? What are the responsibilities of different 
countries? (We should not forget, for instance, that this 
coimtry is by far the aajor single consuaer of the environaent in 
the world.) What should be the tiaing of environaental 
protection actions (e.g. by when should we stop all noxious car 
eaissions)? These are all aajor social and technological 
probleas. They place unprecedented deaands on the judgement of 
all citizens and on a science and technology coaounity that is 
far nore comfortable and knowledgeable with regard to scientific 
research than to policy formulation — particularly policy 
formulation with the potential for iaaense costs or social 
dislocations. 

Lastly, international security, always a aajor science and 
technology arena, has become far acre coaplex than during the 
cold war as a result of the developaent of ^eap weapons of mass 
destruction — whether nuclear, cheaical or biological — that are 
relatively accessible to smaller countries. Again, this presents 
major science and technology challenges not only in counteracting 
those weapons, but also — and far more essential in the long 
range — in finding ways through science and technology to enhance 
econoaic and social development and hence stability in regions 
such as the Middle East or Central America. 
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This brief and spotty overview of the new challenges to 
science and technology with relation to society cannot overlook 
biotechnology, because of its fundamental revolutionary |K>tential 
to change our own biology and to drastically transform the way we 
go about producing things— whether drugs, plants, or new highway 
pavements. But each of these revolutionary potentials must deal 
with the fact that technical and scientific prowess has far 
overrun society's ability to transform itself by accepting new 
ideas and new paradigms. 

In terms of the kind of broad social problems that I have so 
briefly touched upon, the specific questions for the community of 
those concerned with science and technology, whether they come 
froB the science and engineering or from the humanities side, are 
basically two; What do these problems have in common? How can 
the science and technology community best contrdLbute to their 
solution? 

Let me start with the question of ccnomonalities. These are 
typically issues or problems in which science and technology are 
not sufficient for the solution, but are involved together with 
many other factors such as economics or politics that often have 
a dominant role. For instance, in education, in the U.S. it is 
essential to consider the role of school boards, PTA's, and state 
and federal governments, similarly, in the case of the 
infrastructure, questions of sociology, politics, financing, 
jurisdiction, urban planning, or population policies flank and 
actually overshadow the purely technical issues-- even though the 
infrastructure is a technical set of structures and devices. 

As a correlate of the previous point, these are all problems 
that require a systemic view which is hard to come by. Consider, 
for instance, the reconstruction of a major airport like J.F. 
Kennedy. While billions of dollars are being spent on greatly 
increasing its capacity, little attention is being paid to the 
highways that connect it to the city, let alone to the building 
of rail links. Or, consider the manned space station program. 
It needed two components to achieve its objectives— a vehicle for 
reaching orbit and an orbiting station. The cost for both 
components first proposed to President Nixon was so great that it 
was decided to build first the vehicle — the very costly shuttle. 
But we are now facing a lopsided situation with an old shuttle 
and grave doubts that a manned space station will be built — 
hardly an ideal system! 



A systemic view is even more important in dealing with the 
far more complex problems of the cities, or of poverty, education 
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or health care. These are all probless for which technology 
fixes can go only so far and actually at a certain point became 
counterproductive and exacerbate the problem. For instance, as 
we have discussed in the case of health care, technology has 
helped drive costs s)cy high, su^orting a system that is 
wasteful, uncoordinated and inefficient. 

Finally, many problems, such as the cities, education, or 
health care, offer major opportunities for new technologies and 
new industries, if we knav hov to identify these opportunities 
and develop systems for commercializing them. 

These are all problems for i^ich a new vision cannot be 
developed without a technologically educated public, not in the 
sense of understanding in detail the nuts and bolts of 
"technology, but the choices and possibilities that technology 
offers smd the implications of scientific discoveries for our 
lives. He need a public capable of maXixig decisions about those 
choices and of supporting those decisions through political 
action. 

Let us now consider the second general question: what do we 
need to do? How can our society better use science and 
technology in the solutions of its laajor problems? 

Z would like to suggest, first of all, that the science and 
technology community must develop its own sense that it is 
legitimate and, indeed, that its duty is to take a leading role 
in addressing societal issues. It must not be satisfied only 
with developing new scientific knowledge and technical systems. 
It must also become active in seeing to it that they are applied 
with intelligence and wisdom. 

Secondly, the science and technology community must better 
prepare itself through education. This will require the 
rethinking of curricula. We need to create more courses on 
socio-technology, so as to better understand the social 
environment in which science and technology operate. We also 
need to develop more courses on the philosophy of technology, to 
parallel those on the philosophy of science, so as to acquire a 
clearer view of why we do technology and of the role of science 
and technology as instruments for the extension of our human 
abilities. 

Thirdly, engineers and scientists must learn to become far 
more involved than they are today in the political process, so as 
to have a say in policies about the use of science and technology 
to address broad social issues. We always remark about the very 
fev scientists and engineers in the U.S. Congress, but thus far 
the science and technology community has done nothing to redress 
the balance — as it must be if we are going to have an industrial 
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policy, or a policy for the cities, or for the other great social 
problesus. 

Scientists and engineers also need to becose aore involved 
in aanagement— but not of the MBA kind, vhere the connection with 
technology is generally ignored. They need to becoi^ involved in 
the managenent of technology, in the study and practice of how to 
better aanage and direct technological enterprises and 
technological processes, froia energy to information, but also 
froxB hospitals to schools. 

Lastly, and most directly tied to the these of this 
conference, the science and technology comBunity must become 
deeply involved in the development of technological and 
scientific literacy. It is not enough to preach the need for it. 
We need to make a eeerdinated effort (because there are today too 
many subcritical and overlapping initiatives) to reach and 
educate the entire population. 

There is, indeed, a better way to address many urgent and 
difficult problems of our society. But that way requires a 
scientifically and technologically literate citizenry and a 
science and technology cosmunity willing and aSole to lead, not 
only by knowledge, but also by action. 
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This sfiction presents a sua&axy of each of the eight 
breakout sessions held during the Trchnological Literacy 
Workshop. The first four sessions vera devot«l to specific 
issues in current technological literacy education. Jos^^ 
Johziston chaired the session on generation of issues to be 
addressed in each of the four categories undei the headings 
curriculum development, courseware available, attraction of 
students, and faculty issues/logistics. The second set of four 
sessions were focused on specific eleaents of an agenda on what 
needs to be done in the future for t^hnological literacy. David 
Reyes-Guenra chaired the session to identify issues to be 
addressed. These were groi4>ed under cxmrseware needed, 
consortium approach, funding directions, and stisralation of 
prc^praias. 

curriculum Development 

Curriculum development has been a central focus of the 
technological literacy movement. However, after two decades of 
serious efforts, several issues pertaining to curriculum 
development are still unresolved. Some of the major issues 
discussed at the Workshop were: 

- What is technological literacy? 

- What are appropriate objectives for technological 
literacy programs? What measures should be used to 
evaluate them against such objectives? 

" What are the essential curriculum elements of Fin 

appropriate technological literacy program cr> a given 
campus? What instructional formats are most effective? 

The curriculum development group discussed the issue of 
technological literacy as a design problem. A<i with many design 
problems, it is easier to recognize failures than success. 
Technological illiteracy is more easily described than 
technological literacy. The group also agreed that a 
technological literacy curriculum requirement for liberal arts 
students should, at a minimum, serve a parallel function to the 
ABET requirement of humanities and social sciences for 
engineering students. One of the objectives of any technological 
literacy curriculum would thus be to increase knowl^ge and 
understanding of engineering among non-engineering students. As 
far as the difference between technological literacy and 
engineering literacy is concerned, there was animated discussion 
with some people arguing the importance of understanding 
technolocr- jr r -oader sense, one that includes but is not 
limitet? lc •^nc sneering, while others argued the is^ortance of not 
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diluting the thrust of technological literacy by incltiding too 
Buch. In the discussion group itself there was an ia^licit 
assua^tion that technological literacy was equivalent to 
engineering literacy or literacy about engineering* There was 
also a general consensus that the cosmmnication of process was 
nore iaportant in any technological literacy curriculum than any 
particular SBD&SS&' 



^^^^^^^^^^ Av^t X ftbX ^ 

Availability of courseware is one of the key factors for the 
success of any technological literacy prograa. This is evident 
from the Sloan Foundation's materials development which was based 
on the belief that success of the New Liberal Arts Program 
depends on the availability of written materials to serve as 
curriculiia material':: for new courses. Major questions discussed 
in this session were: 

- What materials are available to provide background to 
faculty members starting to work in this area? 

" What materials are currently available for use in courses 
and laboratories in this area? 

- What institutions now have courses and/or programs that 
might be considered models? 

The discussion group identified design process, critical 
thinking, and problem solving as the three major aspects of 
technological literacy course content but believed that these are 
not helpful in defining it. The discussion on forms of teaching 
materials focused on historical case studies (like NIA Progrcun 
monographs) , and business school decision making units and 
concluded that such case studies should include numerical 
calculations, social contexts, and aesthetic, ethical, or 
symbolic meanings. The engineering-oriented teaching materials 
so far pi2blished in the New Liberal Arts Program are an essential 
starting point for the planning of any new courses in 
technological literacy. 

Attraction of Students 

Several studies now indicate that the student enrollments in 
technological literacy courses are relatively small when compared 
to total number of students. Furthermore, students of different 
academic backgrounds select technological literacy courses at 
random, leading to several implications. Within this context, 
the discussion group focused on the following questions and 
issues: 



- How can students be attracted to such programs? What 
target populations should be pursued? 

- How to reach out to selected groups of students (e.g. 
those preparing to be pre--college teachers) . 

- miat preparation should students have? How can ve ensure 
that they have it? 

The group began by focusing its discussion on the 
differences between engineering and Science-Technology->Society 
(STS) courses. The group believed that at present there are 
courses on how technical things work, but no course sp^ifically 
identified as technological literacy. This aakes it difficult 
for students to identify and select technological literacy 
courses. Furthermore, STS courses offered at various colleges 
are tailored to the local environment, hence liberal arts 
students generally have difficulty accessing them. Engineering 
students enroll in humanities and social science courses becaiise 
they find some relief in them. The reverse is not as true for 
liberal arts students. The group also agreed that more courses 
at the 100 level are needed since more students enroll in them. 
To attract the students, the group brilieved that course content 
should be aimed at specific target populations and needs to be 
linked with social environment. 

Currently there is little recognition for faculty 
development of technological literacy pzogras^ by universities 
and colleges. Faculty have problems sharing their time between 
literacy curricula and departmental obligations. Furthermore, 
faculty nembez^ are under pressure from their departments to 
maintain research and publications. In most of the colleges, 
technological literacy courses have been added to a list of 
elective course offerings, rather than integrated into degree 
programs. This session focused on the following issues: 

' How to stimulate collaboration between liberal arts and 
engineering units on a given campus re technological 
literacy offerings. 

- How to stimulate/reward faculty participation in the 
technological literacy area. How to prepare faculty 
members or teams to work effectively in this area. 

- How are logistics best handled: organizational 
structure, faculty appointments, funding...? 

- How to assure availability of appropriate books, case 
studies and other courseware. 
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- How can necessary funding be obtained for such 
technological literacy prograas? 

The discussion group felt that for colleges with an 
engineering unit, it is necessary that the engineering faculty be 
involved with the developnent and teaching of technological 
literacy courses to have a successful prograa. The projected 
decline in engineering enrollaent through the aid 1990 's vas 
considered as a favorable environment for offerix^r technological 
literacy courses to satisfy faculty teaching loads. 

In most colleges and universities, the facility retrard system 
is based upon research publications and funding and teaching 
courses for najors. It was pointed out that this is especially 
true in a saall liberal arts college where the number of faculty 
in an engineering and/or science department is small. Many of 
the participants recommended not getting young faculty involved 
in the technological literacy movement as it was a perfect way to 
torpedo a young faculty member's career and to maJce tenure 
unlikely. Experienced senior faculty members with established 
research careers are good candidates for of ferix^ technological 
literacy courses, perhaps especially if they are interested in a 
career change. Selected retired industrial engineers could also 
become involved. I^ese individuals would bring a wealth of 
experience and Icnowledge into the classroom. 

There were limited discussions on the availability of 
funding for technological literacy programs and on the available 
curriculum material. It was pointed out that the National 
Science Foundation (NSF) funded the WorJcshop euid had several 
representatives in attendance. NSF funding is available for 
curriculum development and laboratory equipment for technological 
literacy courses. During the past decade there has been a wealth 
of curriculum material for tedmological literacy courses. The 
Sloan Foundation's New Liberal Arts Program has developed a 
monograph series and book series which can be used as text 
material for technological literacy courses. Reports from the 
Office of Technology Assessment and the National Academy of 
Engineering have been used as text material in many courses. 

Courseware Keeded 

In most of the programs, courses are based on an individual 
instructor's area of science/ technological interest. This leads 
to narrowly focused courses with wide gaps in the range of issues 
discussed or materials produced, within this context the group 
focused on: 

- Gaps in presently available materials, which should be 
filled. 



-* New types of coverage needed, or new 
coabinations/f omulations • 

- Multiple fonaats (books, Bonograpbs, expanded syllabi, 
slide sets, video tapes, cos^uter software,...)* 

" Information clearinghouse needed. 

The group felt that well done, book-lei^rth case studies 
would provide all the coaplexity of: tactalcal needs; social, 
economic, and political constraints; and cultural reception. 
The Ideal teaching arrangement, In a technological literacy 
course or program using complete case studies, would be 
interdisciplinary. An englneerlx^ faculty member would be the 
best sort of ^rson to convey to typically naive stud^ts the 
technical demands of an engineering or other technological 
project. P05 the rest, to present issues of cultural, social, 
and political co^lexlty, not just any humanist or social 
scientist or manager will work out well. It probably should be 
someone accustomed to team-teaching and preferably accustomed to 
teaching in a team that involves scientists, ei^ineers, or other 
technically-trained people. One member felt that both positive 
and negative case studies are needed, and liberal arts students 
can learn a great deal about the coaqplexities of engineering and 
technological development from either sort. 

Also the group recognized the importance of films, videos, 
remote-site TV presentations, and computer software, in a sense, 
a well done film, television series, or video on technology is a 
case study. A more Important caveat has to do with the quality 
of the production of visual presentations of engineering and 
technology ventures. It is extremely la^rtant that the 
production be in the hands of competent professionals. But it is 
also extremely important that the producers, actors, etc., really 
know engineering and technological work. 

Another new approach that has been considered is the 
transmission of a successful classroom experience from one 
location to 2mother where technological literacy education is not 
otherwise feasible, it has been suggested, for exaamle, that one 
of David Billington's presentations might be made available on 
tape or by interactive TV to classes at schools across the 
country . 

gpngortluaa Approach 

The breakout group assigned to discuss possible mechanisms 
for enhancing technological literacy, including the idea of 
consortia focused on the following issues: 

" How can institutions with current efforts in 

technological literacy work more effectively together—in 
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support of current efforts, and in stisulation of new 
ones? 

- Nhat organizations and structures are currently available 
for collaborative work between institutions in 
technological literacy? How effective are they at 
present? What can we learn from their efforts? 

- Are new structures or mechanisas needed? If so, \itia.t 
characteristics should they have? 

The group began by agreeing that it was i^ortant "not to 
reinvent the wheel.** The group also agreed, however, that the 
wheel needed to be *'trued up** somewhat and the current ia^ct of 
technological literacy multiplied. As the discussion developed, 
individual suggestions and ideas fell into three main areas-»the 
identification of organizations currently active in technological 
literacy, suggestions for groups that should be encouraged to 
become involved in promoting technological literacy, and 
proposals for actual mechanisms and activities for encouraging 
technological literacy. 

After singling out those organizations already involved at 
one level or another, the group focused its attention on 
identifying target groups which might be encoiiraged to become 
active or perhaps more extensively involved in the technological 
literacy area. Among those organizations that mi^t assist in 
promoting technological literacy are the National Association of 
State Universities and Land Grant Colleges (HASULGC) , the 
American Council for Academic Deans (ACAD) , the Coiincil of 
Colleges of Arts and Sciences (OCAS) , the National Conference of 
Academic Deans (NCAD) , state government education departments, 
2md the National Governors Association (N6A) . The Public 
Broadcasting System (PBS) was also identified as a potentially 
important vehicle for spreading technological literacy awareness 
through programming focused on engineering and technology. The 
discussion on suggestions for mechanisms both for promoting 
technological literacy and for actually incorporating it into the 
curriculum focused on common core curriculim reguirements , top 
down CEO approach, state and regional consortia, press coverage 
and public outreach. Following the identification of the above 
wide-ranging ideas, the group concluded its discussion by 
suggesting three short-term action items: 

1. 1993 should be declared the year of technological 
literacy and that technological literacy should be a 
major theme for all professional society annual meetings. 

2. ABET, NSPE and other appropriate engineering societies 
should promote technological literacy as a worthwhile 
activity by 1} encouraging engineering deans to have 
faculty develop and offer appropriate technological 
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literacy courses and 2} vorJcing to maXe technological 
literacy a general education regairement for all 
undergraduate prograas. 



3. A short 1-2 page executive suamary of the conference 
should be sent with an appropriate cover letter to the 
heads of all appropriate engineering and acadeaic 
societies and organizations. In addition, the report 
should be circulated to all appropriate university 
adainistrators, including presidents and provosts and 
both engineering and liberal arts deans. 

Many programs depend upon external funding, and if funds are 
withdrawn, these prograas aost likely will be canceled. One 
recent study indicates that the aajor universities do not have 
relatively large budgets for technological literacy related 
prograas, and if external funding is withdrawn these prograi&s 
suffer significantly. The breakout session on funding directions 
focused on the following: 

- What funding prograas have been at work on technological 
literacy, and what have been their strengths and 
weaknesses? 

- What funding aechanisns are currently available for 
support of technological literacy? 

* Are new funding efforts needed? If so, what 
characteristics should they have? 

With respect to funding sources, the group identified four 
main categories: 1) government, 2) private foxmdations, 3) 
industry, and 4) colleges and universities. 

The leading player under the government funding sources is 
the National Science Foundation. Within the NSF Directorate of 
Education and Human Resources, Division of Undergraduate Science, 
Engineering and Mathematics Education (USEME) , there are two 
programs particularly relevant. Undergraduate Curriculua and 
Course Development; and Undergraduate Faculty Enhancement. The 
former supports Improvements in introductory courses and includes 
a concern for scientific and technological literacy of the 
nonspecialist student and the general public. The latter 
emphasizes short courses, workshops, and other hands-on 
experiences for participants. 

After identifying the role of the Slo«m Foundation, the 
group also discussed small local private foundations, and 
technology-based companies and their associated foundations. The 
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group felt tluit the leadership of engineering colleges is crucial 
in any project emerging from the workshop. 

Stinnlation of Proarama 

The group focused on the following issues ? 

- Are additional programs in technological literacy needed? 

- If so, what national level stimulation would assist in 
their initiation and growth? 

- How can the technical and liberal arts faculty on a given 
campus be encouraged to work together to generate such 
programs? 

After agreeing that additional programs are needed, the 
group focused its attention on ways to stimulate the initiation 
and growth of additional programs. The various issues discussed 
include holding annual conferences, publishing articles in 
journals/magazines such as the Chronicle and Tioamina. 
approaching funding agencies, arranging meetings with engineering 
deans and the Council of Colleges of Arts and Sciences to discuss 
issues of technological literacy, and creating an exciting video 
series on technological literacy, the history of technology, and 
engineering, to be shown on PBS. 

The group also discussed the possibility of arts and science 
faculty fellowships in engineering colleges, retraining liberal 
arts faculty to teach technological literacy courses based on 
their areas of specialization and initiating a program of faculty 
development to persuade engineers to become involved in 
technological literacy courses. 
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The Technological Literacy WorJcshc^ successfully identified 
the major issues in technolog.^cal literacy for non-engineers, and 
clearly established the critical disensions of those issues. In 
addition, a thorough review of current prograas was particularly 
helpful in identifying the progress made so far in technological 
literacy education and in setting proid^ing din^tions for the 
future. Sose of the findings discussed below are clearly basic 
ones surrounding the initiation of any new field of study, but 
others are more specific to the field of technological literacy 
education. 

As a result of the Workshop and the studies done in 
preparation for it, it is clear that sufficient ground work on 
which to build effectively has alz^dy been done by so&e 
individuals and institutions. At the individual level, 
distinguished contributions have been made by Professor John 
Truxal of SUSY Stony Brook and Professor Rustum Roy of 
Pennsylvania State University. At the institutional level, 
efforts of the Sloan Foundation and the NIA Center at SUNY stony 
Brook are most commendable. In addition, valuable efforts have 
been made by several individuals with wide ranging backgrounds at 
various institutions in the country. 

In spite of these previous and cizrrent efforts, however, an 
examination of key issues clearly indicates that much more needs 
to be done. One major finding of this Workshop is that more 
effort is needed in several critical areas of technological 
literacy education. 

Currently there are only a few institutions offering courses 
that can be identified as clearly dedicated to technological 
literacy for non-engineers. Even though technological literacy 
is considered as part of the "Science, Technology and Society** 
(STS) field by some individuals r it is becoming increasingly 
difficult to identify the technological literacy component in 
many STS programs. Hence, there is a need for more programs and 
courses with sharp focus in the technological literacy field. 

The KorJcshop discussions clearly indicate that enough 
materials are available for the program administrators and 
faculty members to initiate or start new programs and courses in 
technological literacy. However, current efforts in courseware 
development are fragmented and incomplete, and, hence, there are 
gaps in the areas of technology covered in the curriculum 
materials developed so far. For example, as pointed out by 
Professor Truxal, areas such as energy, environment, and 
transportation are not yet major themes of courseware 
development. For balanced technological literacy education, 
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curriculua aaterials encompassing all najor areas of technology 
need to be developed. 

Currently, there are only few engineering faculty meabers 
involved in technological literacy ^ucation. This is evident 
from o\ir survey of the faculty involveasent at various 
institutions and the curriculum materials developed so far. It 
is one of the major issues that received serious attention from 
the Workshop participants. They clearly establish^ the need for 
engineering school leadership in initiating asKl supporting 
technological literacy programs, in addition to courseware 
development. 
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RECOMMENDATTOMS FROM THE BRE&KDDT SESSIONS 



Specific recommendations were made Isy each of the breakout 
session groups, relevant to their assigned discussion topics. 
Common elements from these sets of racnmmendations have been 
included in the previous Major Findings section. Full reports 
from the breakout sessions are contained in the Appendix. 

• A technological literacy curriculum requirement for 
liberal arts students should, at a minimal, serve a 
parallel function to the ABET requirement of Humanities 
and Social Sciences for engineering students. 

• In any technological literacy curriculum, communication 
of process should be given more iji^ortance than any 
particular content. 

• More 100 level courses are needed on technological 
literacy. 

CQursevare Available 

• Course content for technological literacy should include 
exposure that will help develop student pleasure in 
engineering along with some ability to solve simplified 
engineering problems and to think critically about 
engineering objects and systems. 

Case studies should include, numerical calculations, 
social contexts and aesthetic, ethical, or symbolic 
meanings. 

• The engineering-oriented teaching materials so far 
published in the New Liberal Arts Program are an 
essential starting point for any planning of new course 
materials that wishes to focus on technological literacy. 

Attraction of Students 

• Technological literacy shoiUd not be part of the 
traditional "turf battle" over too much material 
concentrated into too little time. Instead, 
technological literacy can become a "binding force" that 
helps to unify the entire curriculum. 

• Teaching technological literacy in the classroom cem be 
enhanced by a practical, emphasis on "the way things 
work," particularly for the non-science and non- 
engineering student. 
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• There is an urgent need for data on why students find 
soae courses and subjects more attractive and others less 
so. An outcoaes assessment is essential to identify how 
successful ve are in creating technological literacy in 
the classroom. 

• For colleges with an engineering unit, it is necessary 
that the engineering faculty be involved with the 
development of and the teaching of technological literacy 
courses to have a successful technological literacy 
program. 

• Predicted decline in engineering enrollments in the mid 
1990 's may be a favorable environment for offering 
technological literacy courses to satisfy faculty 
teaching load. 

• Experienced senior faculty members with established 
research careers are good candidates for offering 
technological literacy courses. Selected retired 
industrial engineers could also become involved. Because 
of career problems, young faculty members should not be 
asked to be involved in the technological literacy 
movement . 

• The Sloan Foundation's NIA program materials can be used 
as text material for technological literacy courses. 
Reports from the office of Technology Assessment and the 
National Academy of Engineering can also be used. 

Courseware Needed 

Technological literacy courses using case studies need to 
be team taught. 

Case studies should include positive as well as negative 
aspects of technology. Proper balance is needed to 
convey the complexities of technological development. 

• Film and video presentations are more useful than 
classroom-oriented materials in presenting the scope and 
complexity of engineering, especially to out-of-school 
adults. 

Consortium Approach 

Recommendations for mechanisms both for promoting 
technological literacy and for actually incorporating it 
into the curriculiim include a common core ciirriculum 
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requirement, *'top down" CEO approach, state and regional 
consortia, and press coverage and public outreach. 

• The year 1993 should be declar«a as the year of 
Technological Literacy, and it should be a aajor theme 
for all professional society annual i»etings. 

• ABET, NSPE, and other appropriate engineering societies 
should promote technological literacy as a worthwhile 
activity by 1) encouraging engineering deans to have 
faculty develop and offer appropriate technological 
literacy coizrses and 2} working to xuOce technological 
literacy a general education requirement for all 
undergraduate programs. 

Funding Directions 

• Any proposal for funding needs to be fairly sharply 
focused and should have support from the highest levels 
within the university. 

• The leadership of engineering colleges is crucial in any 
project emerging from the Workshop, and there should be 
some means of demonstrating the serious commitment of 
colleges and universities to its aims. 

• To maintain momentum and keep the interest of the many 
constituencies represented in the Workshop, it would be 
well to plan for continued consort ial activities 
including development of a resource center for the 
gathering and dissemination of relevant information. 
Periodic meetings, workshops, and conferences to help the 
network of interested and informed participants grow 
would also likely be part of such long-term arrangements. 

Engineering colleges in a few major universities should 
join with other colleges in their campuses to develop a 
campus-vide technological literacy program for students. 
This should be a major short-term project. 

Stimulation of Programs 

• Additional programs in technological literacy are needed, 
but it is not clear that every undergraduate should be 
exposed. 

National level efforts are needed to stimulate the 
initiation and growth of technological literacy programs 
(e.g. specialty conferences, journal and news articles, 
sessions at appropriate society meetings, television 
programs, etc. ) . 
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Technical and liberal arts faculty 8iust be encouraged to 
work together on technological literacy prograas, with 
specific mechanisms such as faculty development funding 
utilized as motivation. 

Special incentives are needed to encourage faculty and 
students to becoae involved in technological literacy 
programs (e.g. core curriculum requirements) . 

Support of college and university CEO*s sho\ad be 
enlisted, to stimulate technological literacy programs on 
their campuses. 
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MEXT STEPS FOR THE 
TECHNQIiQGICAL LITEBACY W 



All of the above findings lead to two major conclusions, 
«^ich were presented at the end of the HorJcshop. In order to 
coordinate the currently fragi&ented efforts of individuals and 
various institutions involved in technological literacy, ue need 
a technological literacy canter vith naticmal visibility to serve 
as a clearing house for technological literacy infonaation and 
materials, building t^on the base already devel^>ed. 
Furthermore, a demonstration project to initiate the growth of 
new program at liberal arts colleges with engineering schools on 
their campuses, by utilizing experts from current prograas as 
consultants, and providing necessary start-i^ funding is n^ded. 

It is suggested a national technological literacy center 
might be developed at the headquarters of the Accreditation Board 
for Engineering and Technology (ABET) in New York City. 
Activities of such a center, fuikied by grants and contracts, 
might include the following: 

' Information clearing house (database on programs, people, 
booJcs, courseware, etc.} 

• Newsletter 

• Umbrella proposal generation and funding for projects, 
such as: 

- Courseware/curriculum development, 

- Faculty development, 

- Conferences/worJcshops. 

Promotion of technological literacy efforts and 
activities, such as: 

General education ccxnponent on college caapuses, 

- Teacher preparation for pre-coll^e positions, 

- Prograsus for K-12 education, 

- Generation of support for technological literacy 
efforts among several key constituencies, 
including government, industry, alucation, and 
private foundations. 

As a major next step beyond the 1991 Workshop, it is further 
suggested that significant funding be sought for a Technological 
Literacy Demonstration Project. Such a project would be aimed at 
the stimulation of new technological literacy programs at several 
colleges and universities, perhaps ten, with umbrella grant 
funding provided as an incentive. The grant funding would 
support campus based efforts at faculty development and 
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course/curriculun developaent, and would provide consultants from 
currently successful programs to guide each cas^us effort. 
Activities of this project would include: 

• Stimulate interest in development of technological 
literacy programs at colleges/universities, 

• Conduct competition to select demonstration prc^pram 
institutions (approximately 10} , 

• Obtain consultants to work with selected schools, 
Conduct worlcshops 

— bidders conference 

— selects institutions 

— progress reports 

— final results report to broad audience (at end of 
3 years) . 

Manage the grant 

— interface to schools 

— interface to sponsor 

The final worXshop at the end of the three year demonstration 
project would be aimed at attracting many more schools into 
technological literacy efforts. 

Outline proposals for these two follow-up projects are 
contained in the Appendix of this proceedings volume. The 
sponsors and leaders of the Technological Literacy Wor)cshop are 
pursuing these directions. 
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Final Amndft 

TECHNOLOGICAL LITERACY WORKSHOP 

6-6 May 1991 
Georgetown University Coafnesce Center 
Washington, DC 

Mmdav mih». Mm 6 

p.m. Registration, check- in 

SKX) pjm. Introduction to Technological Literacy Project, Charge to Workshop 
(Russei Jt^s) 

Greetings from sponsors: 
ABET - Leslie Benmark 
AAC - Paula Bwmtlee 
NSF - Wilbur Meier 

5:30 p.m. Review of jmt efforts in technological literacy 
(Rustum Roy and Barrett Hazehine) 

6:30 p.m. Reception 

7:30 p.m. Buffet dinner/ open discussion 



Tuesday. Mav 7 
7:30 a.m. 
8:30 a^ 

9:30 a^. 

10:30 a^. 
10:45 a.m. 



12:00 noon 
2:25 p.m. 

115 p.m. 

3:15 p.m. 



Continental breakfast 

Review of ongoing efforts in technological literacy 
(John Truxal) 

Generation of issues to be addre»^ 
(Joseph JtAnsttm and Russel Jtmes) 

Coffee break 

Breakout sessions on specific issues 
Curriculum - Carl Mitchum 
Courseware available - Ootid Billingtm 
Attraction of student - John Opie 
Faculty issues/logistics - Marian Visich 

Buffet lunch/break 

Plenary session, reports back from Breakout »Nsioos 
( Russel Jones) 

View from the Liberal Arts College 
(Thomas Wasow) 

Bn&k 



X s^' *W 
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Tuesday. May 7 famimiai) 

3:30 p.m. Views from the Engineering College 
(Cwtis Tompkins) 

4:30 p.xn. Engin^ring and the Liberal Arc 
(I>avid P. Billington) 

6:30 p.m. R^ption 

7:30 p.m. Banquet 

&30 p.m. Sp^er on brrader issues in Science, Technology, and Society 
(George Bugliarello) 



7:30 ajn. Continental breakfast 

S:30 a.m. Development of agenda for what needs to done in technologic^ literacy - 
(David ReyeS'Guerra} 

9:30 a.m. Breakout sessions on specific elements of agenda 
Courseware needed - Paul Dwbin 
Coi»ortium approach - Stephen CuicU/fe 
Funding directions ■• Scmuel Goldi^rg 
Stimulation of programs - Beihany Olxrst 

10:30 a.m. Coffee break 

10:45 a.in. Plenary session, reports back from Breakout se^ions 
(Wiibur Meier) 

12:00 noon Buffett lunch/break 

1:30 p.m. Final plenary session: DeveJopment of Plan for Next Steps in Technological 
Literacy Project - fRussci Jor.cs/ 

3:30 p.m. Workshop adjourns 



ERIC 



no 

113 



TECHNOLOGICAL LITERACY WORKSHOP PARTICIPANTS 

May 6-8, 1991 



Beanmrit, Lcdte F., Pmldent 
Accrtditattoa Beard for EagioecriBs 

aadTcchaatogy 
c/o £, L da pSMit de Nenoun & Co. 
2141 Hickory Ru, CRP 
Box 88723 

WUmiogtoa, DE 19^-0723 
^2/999-4919 

BilltBgtoa, Oav^d P. 

Dapwtmcflt of Chril Engioeeiiog 

OperatSoos Rctoaicli 

Scbool of EnghtMriag/ Applied Science 

Priscetoa UBinnrity 

PrincetoB, NJ 08544 

609/258-4613 

BrowsJet, Patiilat Prcsideot 
AMociadoB of AaiericaB Colleges 
1818 R Sticct, N.W. 
Waslilagtoa, D.C. 20009 
202/387-3760 

Bogllarello, Goorge, President 
Polytechaic Uaimity 
333 Jay Street 
BrooUyo, SY 11201 
718/260-3500 

Cfaemo, Melvio 

Vangban Prof, of HuoianiUes 

Uoivenity of Virgiflla 

223-A ThoratOB Hall 

CharJottesviUe, VA 22903 

804/924-6093 

Catcliffe, Stephen H., Director 
Sciea^, Techaology & Society Program 
327 Magianes Hall #9 
Lehlgb Uaivcrslty 
Betblehem, PA 18015 
215/758-3350 

DeLoatch, Eugese, l^a 
School of Eogfneeriag 
Morgan State Ualverslty 
Cold Spriag A Hillea Road 
Carter Grant Wilson Buiidiag 
Room 318 

BalUmore, MD 21239 
301/444-3231 



DevOB, Rteliard F. 
Associate PnognuB Maaager 
Natioaal ^mce Great GoUege 

aad Fellowsbip Prograia 
NaliomI Aeronaotict wd 

SpKce Adnlaisinilloa 
Uaimsity PregrBBtt Braacb 
NASA Hcad^aarferf Cod* XEU 
Wesbiagtoa, D.C. 20546 
202/453-8344 

DbtUb, Paal T., Professor 
Fhilosi^iiy DepartOMOt 
Uaimdty of Delaware 
Room 303 PbUosopiiy Bafldlng 
Newark, DE 19716 
302/451-8208 

I^tlB, Jack, Rotearcb Associate 

Urban aad Public Affairs 

Wright State University 

062 RikeHall 

Dayton, OH 45435-0001 

513/873-2382 

Falloa, Daaiel, Deaa 
Liberal Arts Ctilege 
Texas A & M Uaimdty 
College SUtion, TX 77843-1246 
409/845-5141 

Feisel, Lyle, D., Deaa 
College of Eagiaeeriag 
SUNY at Biaghamtoo 
Vestal Parkway 
Box 6000 

Binghamtoa, NY 13902-6000 
607/777-2871 

Giaaalay, O. Allaa, Jr. 

Professor of Hafluuides 

Schmrf of Eagiaeeriag & Applied Sciences 

Ualverslty of VlrglBia 

A218 ThoratOB Hall 

Charlottesville, VA 22903 

804/924-6115 

Goldlierg, Sam&el, Program Officer 

Alfred P. Soaa FoaadatioB 

630 Fifth Aveane 

Suite 2550 

New York, NY 10011 

216/774-8081 
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Gwrastela, Sbtricy, Profcnor/CluUr 

9i SdeoM it TtchwAogf StoiUes 
S^o^ of HtUBaaitits St SochU Scieoces 
Ktmwl— r My^tefe iMdtnte 
551^ Sage Lab 
Tnf, NY 12189-3590 
S18/276-6S74 

RanltiBc, Barrett, Associate Dean 

CMtegc of Esgiacniiig 

BfowB Uaivonity 

182 Hope Street 

Proridesce, Rl 02912 

401/863-2673 

Herkert, Jmvph 

Amu ProfMSor of Gvil Engine«riag 
Lafayette College 
EtttOBt PA 18042 
215/250-S427 

Htckiaaa, Cborles 

IMrwftH' of Projects & Services 

AaericaB Assembly of Collegiate 

Scbools of ffffffnetf 
60S Old BallM Road, Suite 220 
St. Loais, MO 63141 
314/872-8481 

RatchiasoB, Charles, £., Dean 
Thayer School of Eaglaeeriag 
Daronouth College 
Hanover, NH 03755 
603/646-2238 

Jeaaett, J. Charles, IHan 
C^lege of Eaglaeeriag 
QemsoB University 
109 Riggs Hall 
Ocauoa, SC 29634-0901 
803/656-3202 

Johastoa, Joseph 

Vice President for Programs 

AssMlatlon of American Colleges 

1818 R Street, N.W. 

Washington, D.C. 20009 

202/387-3760 

Jones, Rttssel C 
University Research Professor 
University of Delaware 
205 McDowell Hall 
Newark, DE 19716 
302/451-6074 



KUm, Stephea Jay, P iof e aw 
Departmmit of Mechanical Engioeering 
Room ^K, Baildlag 500 
StaafOTd Ualvoisity 
Stanford, CA 94305-3030 
415/723-2176 

Kalacfcl, FVaad^ Deaa 
College ftf laglwtffirli^ 
Colorado State Uaivmlty 
111 Eagiaeerliv BalMiag 
Fort Colfias, CO 80523 
303/491-^603 

KBrnar, Thnlari, Renarch Assrciate 
Ualverdty of Delaware 
260 Elktoa Road, D-7 
Nevrark, DE 19711 
302/454-7422 

Llebaua, Jadith S. 

Vice Chancellor fw R^mmh and 

Dean of tlw Gndaate College 
Uniivrsity of DOaeb at Urbana-Champaign 
601 East John Street 
420 Swaafaud AdBdnlstratloa Baildlng 
Champaiga, IL 61820 
217/333-0034 

McGec, Henry, IHrec^ 

Cheralnl and TherauJ Sciences Division 

Natloaal Sdeace Fonadatton 

1800 G Street, N.W., Room 1228 

Washington, D.C 20550 

202/357-9606 

McGlnais Kay, Carol 

Deaa of Haniaalties & Social Sciences 

University of South Carolina- Columbia 

ColnmbU, SC 29208 

803/777-7161 

Meier, Wilbar L., Dean 
College of Engineering 
North Carolina State University 
Box 7901 

Raleigh, NC 27695-7901 
919/515-2311 

Mltcham, Carl, Interim Dir^tor 
STS Pr^ram 

The Peansyivaaia SUte University 
133 Wlllard Building 
University Park, PA 16802-2800 
814/865-9951 



Moigta, Jolia DmUt Deim 
Collage ^ SngiBetri^ 
Ntir litxice ^ate Ualmity 
P. a Bex $0901 - D&pU 3449 
LMGnwn,NMm03 
Se5/S26-«758 

Vfee Prt^tfrat for AcadeBic Affairs 
JuMi MtAm Uaimdty 
RuiifOBbws, VA 22807 
703/S68-661« 

Opi«, Ma, Director 

Sei»ce, Teduwiogy'ft Sodety Program 

Center for TccHaoIo^ Studies 

New Jeieey lastftate of Tcciiaol^ 

Uaimity He^fs 

Soo«8 501M 

Newark, NJ 07102 

201/596-3270 

Rathbeae, OoaaSd Dean 
CoUege of Eagise^iag 
Kaasai State Uaimsity 
14« DariaBd HaU 
Maabattaa, SS 66»)6 
913/532-5590 

Rcyes-Giierra, David R., Director 
AccreditatioB Board for EagiiieeriBg 

aad Technology 
345 East 47tli Street 
New York, NY 10017-2397 
212/705-7176 

Roy, Sttstam, Director 

Science, Tediaeiogy A Society Prograai 

Evan Pagii Professor 

133 WlUard Balidfag 

Peansyliraaia ^te University 

University Park, PA 16802 

814/865-3041 

Saal, Wllliaai E. 
PrafMSor and Cliair|>erM>ii 
Micliigan State Uaiverslty 
Dept. of QvU and 

Eaviroaneatal EaginMriag 
A349 Engineering Bnilding 
East Lansiag, MI 48824-1226 
517/355-5107 

Sciwix, diaries B., Kesearcli Associate 
University of Delaware 
56 Weisfa Tract Road, #212 
Newark, D£ 19713 
302/456-9891 
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TMiVkiBi, Gvtb J., PraddMt 
AOdi^aa Techanlogic ai UnlTeisity 
14(N> Towmnai Drite 
HoaghtM, MI 49931-1295 
906/487-2267 

Tnnai,MaG. 

IM«tingnbbed Teachii^ Professor 
Pgyt t meut 9i TcckaolDnr awl Society 
CoUege nf Eb^mci^ ft AiipUed Sciences 
SUNYntS^&o^ 
Steny Braok, NY 11794-2250 
516/632-8760 

Viets, Hmanna, Dean 
College of ^imering 
University of Rhode Ishud 
BOSS Hall 

Kingston, HI 02881-0805 
401/792-2186 

VWcb, Marian Associate Dean 

Collet of Engineering & Applied Sciences 

Depnrtacat of Tecte^ogy & Society 

SUNY at Stray Brook 

Stony took, NY 11794-2200 

516/632-8380 

Walker, M. Lndns, Dean 
School of Engineering 
Howard UalTeisity 
23M 6th ^reet, N.W. 
Washington, D.C 20059 
202/806-6565 

Wasow, Tboautt A., Dean 
Undergradnate Sti^ies 
Stanford Unlvmity 
Bnilding One 
Stanford, CA 94305-2070 
415/723-9786 
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MRT^MTKG REMARKS 



Iifislie Bemafflrk 
Accreditation Board for Engineering and Technology 



ABET is pleased to be a co-sponsor of tbe Technological 
Literacy Workshop along with the Association of Ai&erican colleges 
and the National Science Foui»iation. Technological literacy in 
today's society is a must. A vast majority of the critical 
decisions which affect each person's daily life is based on some 
form of technology. 




For many years, ABET has maintained a curricula requirement 
in the engineering criteria of one-half year of humanities and 
social sciences. The exponential growth of needed technical 
siibject matter to cover the requirements of entry into the 
engineering profession has not diminished AHET's emphasis in 
humanities and social sciences. 

ABET is not only conscious of the need for technically 
educated persons to be whole persons with a broad education 
beyond technical subjects but is also keenly aware of the need 
for technological literacy for all persons. 
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The first key recosmendation of the Council on 
Conpetitiveness, a private, non-profit, non-partisan organization 
of chief executives from business, higher education, and 
organized labor, was 

In order to enhance United States 
cos^etitiveness , the President should act 
immediately to make technological leadership 
a national priority. 

A crucial component of this technological leadership is the 
broadening of the education of all students by creating a better 
understanding of technological subjects. 



1989 Ed'jcatisn gowmrt 

«^ to «m in «i» vtona 
•mavtimmt.'* 




Following the 1989 Education Svamit, the President ar he 
Governors established six national goals for iiaproving ^Uv-cion 
in the United States. Perhaps no goal is more critical to 
America's future in international coi^etitiveness than Goal #4. 

By the year 2000, United States students will 
be first in the world in science and 
mathematics achievement. 




Achieving this goal during the next decade is no minor task. 
A recent education study exaiained the mathematics and science 
skills of thirteen year old students in thirteen industrialized 
nations. The United States students ranked ninth in physics, 
eleventh in calculus and chemistry, twelfth in geoaetry and 
algebra and last in biology. 

Building on this significant strengthening of mathematics 
and science in the early grades, technological literacy for all 
students during their post-secondary education would help to 
increase their recognition of competitiveness issues and improve 
the position of the United States as we compete on a global 
basis. 

The Technological Literacy Workshop can make a significant 
step toward making the United States "first in the world in 
science and mathematics achievement. " ABET is pleased to be part 
of this endeavor and looki forward to the xresults achieved by 
leveraging the efforts of engineering and liberal arts colleges 
on various campuses so that movement toward the goal of a 
technologically literate public can be achieved. 
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WRLCQMTWG REMARKS 



Paula P. Brownlee 
Association of American Colleges 



It is such a pleasiure to bring you greetings from AAC, our 
association whose 630 aeabers take pride in conaitsient to liberal 
learning in all its manifestations — and they are Borriad. 

At AAC ve are in the midst of a study concerning the 
undergraduate major in conjunction with twelve learned societies; 
these include mathematics, physics, and biology. Interestingly, 
the very nature of the major has not really been researched and 
pondered, and at AAC ve find ourselves in the midst of a 
fascinating discussion. The importance of stiidy-in-depth and 
sequential learning in certain majors is of great significance, 
other majors are shoving us that there is another aspect of 
learning— 'that of connectedness, to other disciplines and other 
methodologies, that should be intentionally developed also. 

I am reminded, as I speak, of a lovely mobile sculpture that 
we have in our home, the result of two persons* %rork— an artist 
and a physicist. Entitled "Tumbleweed, " it is made up of an 
intricate series of cogs, vheels, and pulleys— beautifiaiy 
crafted in wood. It is both kinesthetically and aesthetically 
lovely. In it, two ways of thinking and creating are combined to 
come up with something quite new. Each artist alone sixoply could 
not have produced this imaginative creation. 

At Union College, where I arrived in 1976 as Dean of Faculty 
(and engineering) , I was delighted to work directly with our 
Engineering Division to design a new curriculum, incorporating a 
technology course requirement for all students. I believe, 
still, that the conversation of students from all majors, with 
each other and with their faculty, is a vital part of their 
education. In combination of the perspectives that the separate 
disciplines confer on us can come new understandings and new 
knowledge . 

This is a large part of the mission of AAC — to further and 
to develop strong liberal learning on our campuses. The 
central ity of technology and the work of engineers in our 
contemporary society, and in fact in history, coapels us to 
address the issues this workshop raises. Even with an 
overcrowded \mdergraduate curriculum, we must be sure that 
students engage in the kind of interdisciplinary study that 
includes technological literacy education. This particular 
connectedness is essential to a truly liberal education. 

I will end with an anecdote of something that happened to me 
yesterday. I do it to illustrate just how narrowly educated we 
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perceive each other to be! I was giving a conBencament address 
in which I quoted soae lines of poetry. After the address a 
trustee of the college escpress^ aaazeaent that "a cheaist would 
actually dare to quote sone poetry." It seems to to that therein 
lies the ahallenge: to educate our students in aany fields of 
endeavor, ai^ certainly including trcdmology. Thus endowed, they 
nay become wise and creative professionals and citizens of our 
society. 
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WELCOMING REMARKS 



Wilbur L. Meier 
National Science Foundation 



It is indeed a pleasure to be here and to have an 
opportuni1:y to welcome you to this meeting. It is also quite a 
challenge to be third welcomer in a session sandwiched between 
the organizer of the conference and two pre->billed scintillating 
speakers. One immediately knows, from the organizer's comments, 
that the welcomers are the minor speakers because he talked about 
the major speakers, and one also knows that these are the non*- 
scintillating speakers because he also talked about the 
scintillating speakers who are to come later. It is, in fact, a 
challenge to welcome you to a meeting like this. But, undaunted 
I will plunge on and welcome you nonetheless. 

We are, in fact, pleased to have an opportunity in the 
National Science Foundation to be a supporter of this workshop, 
and it is, in fact, supported by both the Engineering Directorate 
and the Directorate for Education and Human Resources. 

When we think about the topic of literacy, to begin with, I 
think we have all been saddened to see the sad state of literacy 
in this country in the broad sense. Twenty to thirty percent of: 
our people are functionally illiterate and, in fact, this is one 
of the more serious issues that American industry faces in terms 
of fielding their team in trying to be competitive. 

But even more serious than that, I believe, is that when one 
looks at the general population one finds the great majority of 
our citizens to be illiterate technically. When one looks at the 
longitudinal studies that the Department of Education has done, 
and looks at the champagne glass curve that describes education 
starting with sophomores in high school and seeing those who 
finally get degrees in either science or engineering, one is 
concerned even more about the part of the curve that is outside 
those fields. For the most parr, that group is technologically 
illiterate. 

That issue is what this conference is to address. That is 
the critical issue, and in fac::, is the second major issue that 
U.S. industry must deal with in trying to be competitive in this 
world. So this is a critically important workshop. It is one 
the National Science Foundation is delighted to support, and I am 
delighted to welcome you here. 
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Joamjph S. J^inston 
Association of Airarioan Coll^r^s 



LikB a nuBber of others in the room, Z as here as a learner, 
both personally and professionally. Personally, Z cannot have 
other pretensions, ^e first artida z picJeed out from the 
background reading was Rostua Soy's. Z fom^ there two words I 
had never seen before— "fissiparoos" and "negencentric. " These 
were not part of ay svq^osedly liberal ediu»^an. 
Professionally, z ireprasent the Association of Aaerican Colleges 
which has worked closely and well with ABEI in the past. We are 
in a sense friexuUy listeners to this ocmversaticm on 
technological literacy, and we are weif^iing lather we should 
join in any project the ^mversation ai^t produ^. A aajor 
national project to promote t^hnological literacy? Clearly, a 
worthy goal. But on t^at terms, and to what emis? Driven by 
tdiat educational philosophy? God, as they say, is in the 
details. 

Since z have questions like these, it is appropriate, I 
suppose, that Russel Jones has asked me to help hia set out some 
of the issues that would be raised by any techi»3logical literacy 
initiative. Russel and Z have talked, and he has groined some of 
the li3cely questions into four categories under the headings 
"curriculum," "courseware, " "factaty issues/ logistics , " and 
"attraction of students." What 1 will try to do here is briefly 
comment on a number of the questions that fall within each 
category. 

- What is technological literacy? 

" What are appropriate objectives for technological 
literacy programs? What measures should be used to 
evaluate them against such objectives? 

" What arB the essential curricular elements of an 

appropriate technological literacy program on a given 
campus? 

- How does the study of technological literacy differ from 
study of engineering? 

- What claim does it have to be a part of general 
education? 

-* How do we ensure that the study of technolc^ry advances to 
liberal education? 
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- How do we integrate technological literacy offerings into 
iindergraduate liberal arts prograas? 

- Khat have previous efforts accoa^lished? What have we 
learned froa then? 

The first of these questions are definitional. What is 
technoloaieal literacy? There is more to this innocent question 
than an outsider might think. There are a nuaber of pezBpectives 
on that question represented in this room. The three questions 
that follow remind us that at least three different kinds of 
definitions are possible. The first of these asks about the 
purposes of technological literacy programs. The second asks 
about the essence of the thing — the essential curricular 
elements. Are there core methods and concepts? To pose a 
question much heard in teacher education these days, is there a 
"knowledge base" that is distinctive? The third of these 
questions tries to define technological literacy by 
distinguishing it from engineering. How does what we mean by 
technological literacy differ from the intended product of study 
within Science, Technology and Society programs, or New Liberal 
Arts programs. 

If these are questions that disinterested faculty and 
administrators can be expected to ask of any initiative to 
introduce technological literacy into the curriculum so too, is 
the next question: what clain does technological literacy have 
to be part of a general education? Is this thing, too, really 
essential, one can hear them asking? General education is 
already crowded, and there are niany claimants to more time emd 
attention within it. There are, of course, many who are urging a 
greater attention on the part of all students to values and to 
international and multi-cultural concerns and to mathematics and 
science. The accrediting agencies, engineering among them, 
continue to limit the amount of tine available to general 
studies. John Truxal is certainly correct in pointing out in the 
conclusion of his article, "Technology in the MLA," that "to 
address the issues which technology raises is a step i^ich is 
only possible if we learn the basic concepts, capabilities and 
limitations of that technology." Rustum Roy is also right when 
he refers to the lack of technological literacy studies in the 
curriculum as "mind-boggling." But it is similarly strange to 
many that we do not have other professional areas represented 
there, as well. Some would say that business and economics 
should, at some level, be a part of everyone's college 
experience. Others would even argue that all should have some 
exposure to the study of education. After all, they point out, 
everyone at the university is involved in the enterprise of 
education, and all should be more self-conscious about it. 
Virtually everyone who graduates will go on, if not to further 
study, to life as a school-supporting taxpayer. Most will, as 
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Bothers and fathers, have children in the schools. Most will, as 
voters, elect those who will aaXe policy about public education. 

The next question seeas to 1^ a critical me. Hov do we 
ensvire that the study of technology advances liberal education? 
A liberal education is defined less by the subji^ts that are 
studied than by the spirit of the inquiry— the kinds of questions 
we ask. There is no reason «^y the study of technology cannot 
provide an appropriate, a very rich and strong liberal education. 
However, like the dry, specialized history course that is taught 
illiberally, the technological literacy course can fail to 
advance liberal education. 

The question of how one would integrate technological 
literacy offerings into an undergraduate liberal arts program is 
not an easy one either. It is a substantive as well ets a 
strategic question. How does the study of technology relate to 
other fields? I am reminded of the old definition of a scholarly 
center on a university campus as an entity that is by definition 
on the periphery. How can we integrate technological literacy so 
that it is not peripheral? My sense is that we are approaching a 
point where those students €Uid facility who might have been 
predicted to be interested in technological literacy have been, 
and that siibstamtial progress from here—the claiming of a place 
in the center, versus on the periphery— nay be difficult to 
achieve. Are we at a kind of natural limit? 

I might at this point have introduced an additional 
question: Where should technological literacy be introduced into 
the curricultm? Should it be general education, and if so 
required general education? Should it be an elective sequence? 
Is it a major? Should it take any of the above forms— perhaps 
several on the same campus — depending on local circumstances? 

The final question in this first set, asking i^at previous 
efforts have accomplished and what we have learned from them, is 
timely. I think I have reached professional middle age — that 
point at which one begins to see a fair amount of repetition. I 
recently saw that in 1982 a report on technological literacy 
urging the importance of technological literacy emerged from a 
wingspread conference held under the auspices of . . . the 
Association of American Colleges. We need to do better. We need 
to capture what we know. We need to keep it alive. We need to 
make sure that we learn from what we have already been able to 
discover. I^ere are many fine programs whose experience can be 
shared. Of course we need imagination. We need Iresh thinking. 
But we need not re-invent the wheel. 

Courseware Available 

- What institutions now have courses smd/or programs that 
night be considered models? 

127 



117 



" 19hat aaterlals are available to provide bacScground to 
faculty Beabers starting to %rork in this area? 

- What aaterials are currently available for use in courses 
and laboratories in this area? 

The naa^ of this' category provides proof ^positive that 
Russel Jones prepar^ these slides. "Courseware" is not a term 
that has such ciunrency within the arts and sciences. A few there 
would even consider it a ba^arisn. The term itself is an 
example of the little discontinuities that would need to be 
negotiated to get an inpartial hearing for technological literacy 
among many liberal arts faculty. 

The bibliographical work that Russ and his colleagues have 
done in preparation for this conference should be a big help in 
answering all three of these questions. We all need to bear in 
aind, however, that we cannot simply give people their aaterials 
and wait for ignition. If substantial nuabers of facility and 
institutions are to embrace technological literacy as a central 
subject, it will be as the result of a comprehensive effort in 
which "courseware" is only one element. 

Faculty Issues/Loaisties 

* How do we stimulate collaboration between liberal arts 
and engineering units on a given campus re: technological 
literacy offerings? 

- How do we stimulate/reward faculty participation in the 
technological literacy area. How do we prepare faculty 
members or teams to work effectively in this area? 

- How are logistics best handled: organizational 
structure, faculty appointments, funding...? 

- How do we assure availability of appropriate boo)cs, case 
studies, and other courseware? 

~ How can necessary funding be obtained for such 
technological literacy programs? 

A few years back AAC published a report entitled Integrity 
in the College Curriculum. It pointed out how few incentives 
faculty have to work outside their specialties especially as 
teachers, it contained the memorable observation that the 
faculty speak of teaching "loads" and research "opportunities." 
It is against the background of this reality that we need to 
consider the first two questions here, having to do with 
stimulating collaboration around the teaching of technological 
literacy. My colleague Alan Gianniny is right in pointing out 
that the success of AAC's and ABET's joint efforts to improve the 
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hu&axiities and social sciences oo^nent of engineering education 
has had everything to do with "fira encourageamt"'— to use Alan's 
nice phrase. ABET prosoted these efforts by glowering over AAC*s 
shoulder in a way that was visible to the ai^fineering deans. Is 
it possible to stisulate cooperation between liberal arts and 
engineering units without this kind of help? certainly a clear 
conclusion of our jointly sponsored staOv was that auch of the 
best engineering-liberal arts collaboration is in those 
humanities and social sciences departaents that are "captive," — 
that is to say, that are contain^ within technological 
institutes, unlike, say, French and pliilosophy and political 
science departjsents in aulti*purpose universities. These 
departaents do their work within an over-archii^ institutional 
mission and structure of authority that ensures their 
consciousness of and attention to the ne«S8 of engineering 
students. Te<^ological literacy prograas, however, need to 
operate outside of technological institutes— where one might not 
be sanguine with the possibility of lastit^ progress on a purely 
voluntary basis. Since unfortunately AAC has no power comparable 
to ABET's, cooperation will be in large part left up to the good 
will of educational priorities of faculty and administrators in 
liberal arts. 

These facts give some appeal to a strategy (to use a phrase 
from another of the background papers} of "infiltration." To 
refer again to the AAC/ ABET study, we found the best examples of 
innovative, imaginative, and effective programming in the 
humanities and the social sciences for engineers in two kinds of 
settings. I have already mentioned one — the technological 
institute. The other kind of setting was that in which some 
individual faculty member had taken it as his or her personal 
responsibility, and sometimes life's work, to create this kind of 
program. It was not clear in these latter cases that there was a 
broad institutional base of support for what was done, though 
typically enrollments were high, as was student enthusiasm. It 
was not clear that the particular offerings would outlive the 
faculty members. Nonetheless, for a period of time great things 
can be achieved by the eccentric faculty member who decides to 
accomplish something. It may be that continuing to encourage 
those who have an interest and expertise in technological 
literacy to take it, missionary-like, to those who could profit 
from it is and will remain one of our best strategies. Those who 
do this "infiltrating" need to remember the words of the Tammany 
Hall ward heeler, George Washington Plunkett: "I seen my 
opportunities smd I took 'em." 

The other questions here deal with logistics and funding. 
With respect to the first, we really need to take a hard look at 
what is effective and what is not. Team teaching comes to mind, 
for instance, but so does Harland Cleveland's definition of it as 
"that favorite academic device for avoiding interdisciplinairy 
thought." How can we really ensure that the arrangements by 
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^ich it operates not only enable a prograa to be offered but to 
be educationally effective for the students in it. 

The great lesson, Z gather, of sose previous Sloan 
Foimdation efforts and certainly of the Ford HAT program has been 
that change can be rented, but it can not be bought. Zt Is often 
extresely difficult, that is, to sustain the changes that funding 
makes possible once that funding disappears. So the question 
asked here about funding really needs to be expanded: how, ve 
should ask, can these programs be fiinded and institutionalized? 

Attraction ef Btndanta 

- How to reach out to selected groups of students (e.g. 
those preparing to be pre-college teachers) . 

- How can students be attracted to such prograi'^s? What 
target populations should be pursued. 

- What preparation should students have? Ho« cm we ensure 
that they have it? 

We have heard this morning from John Truxal abOMit the 
infectious enthusiasm of students who were well taugnt about 
technological literacy. John is a gifted teacher. But. I get 
mixed reports on the general quality of teaching in engineering 
schools, as indeed in business and liberal arts progr^-as. The 
interest of the subject is never enough to ensure the interest of 
the course. And indeed, in talking about technological literacy 
for liberal arts students, it is important to remember a set of 
issues that have been receiving niore and more attention lately 
having to do with the intellectual accessibility of certain kinds 
of subject matter for certain kinds of students. We are getting 
more sophisticated now about the contextual relativity of good 
teaching. What is very effective instruction for engineering 
students may not be for certain humanities or social sciences 
students, and vice versa . Some of the most interesting work on 
this issue has been done recently by Sheila Tobias, author of a 
series of studies on math anxiety, peer observations on teaching, 
and most recently a book entitled, They're Wo<^ p^i^ph, TT^^y'ra 
Different. 

The issue is raised of reaching out to particular groups of 
students. Doing so successfully may depend to a great deal on 
reaching out to their faculty, who in turn advise those students 
and decide their program requirements and recommend cognate 
courses to their majors. The particular instance of pre-college 
teachers is given, and I think wisely. John Txruxal has referred 
to triage by ability level as one principle of selection for 
technological literacy students. Another might be leverage. 
What groups of tindergraduates would we choose to target for 
technological literacy education if we wanted to ensure that 
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through theaa technological literacy would reach the largest 
nuaber of others? Surely by the measure of leverage pre-college 
teachers would be our choice. They will go into the schools, and 
what they Icnov or do not Imov about technology will have an 
ispact on what their students learn or do not learn about it. 

One final observation on the question of how students can be 
attracted to such prograas. I aa not sure we have done as such 
as we can to articulate the usefulness of technological literacy 
to a variety of careers. Today's students are motivated by 
career concerns, and subject matter that is congruent with their 
career needs can engage them. At the same time we should be 
responsible in making the case for tec^ological literacy. It is 
much more than an asset in one*s career. It is an essential part 
of a broad foundation for informed citizenship in a rapidly 
changing world. 

In his piece on the "New Liberal Arts" John Truxal suggests 
the engineers* central function is to break a ccmplBx problem 
into a large number of simple problems. My fear this morning is 
that we have only managed to break a complex problem into a large 
number of complex problems. But Russel Jones and I do hope that 
this parsing of some of the issues that we face, and the brief 
comments that we have offered here on them, will be helpful in 
setting up the sub~group discussions that follow. 



131 

131 



Bjsmsausssswi 



Carl Mitchaa 
Pennsylvania State University 



The curriculim discussion groixp began by noticing that the 
Issue of technological literacy was a design problea. As with 
nany design probleas. It is easier to recognize failure than 
success. Technological illiteracy is more easily described than 
technological literacy. 

Technology is also easier to define than te^mologlcal 
literacy. Technology, according to one participant. Includes 
hardware or artifacts, socio-technlcal systeas of aanufacture, 
skills/processes/procedures for accoBpllshlng tasks, and socio- 
technical systems of use. Another participant immediately noted 
how the acronym STS can stand for socio-technical systems, and 
that in this sense clearly technological literacy Is part of STS. 

As part of a preliminary attempt to define the objectives of 
technological literacy curricula, it was pointed out that 
engineers eure required to take more humanities and social 
sciences courses than himanities and social science students are 
required to take engineering courses. A technological literacy 
curriculim requirement for liberal arts students should, at a 
minimum, serve a parallel function to the ABET reqpiirement for 
engineering students. One of the objectives of any 
technological literacy curriculum would thus be to increase 
intelligence and understanding of engineering among non- 
engineering students. 

In subsequent discussion a question was raised about the 
relation between technological literacy and engineering literacy. 
Are they the same or different? There was ani^ted discussion on 
this issue with some people arguing the importance of 
understanding technology in a broad sense that Includes but is 
not limited to engineering, while others argued the importance of 
not diluting the thrtist of technological literacy by ihcluding 
too much. 

In the discussion group itself there was an implicit 
assumption that technological literacy was equivalent to 
engineering literacy about engineering. One participant, for 
instance, pointed out the importance of visual thinking in 
engineering; another suggested problem solving as equally 
central. Any technological literacy curriculum should 
communicate an appreciation of both to liberal arts students. 
There was also a general consensus that the communication of 
process was more important in any technological literacy 
curriculum than any particular content . At the same time, 
process cannot be presented separate from content. 
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Following some disparaging ooo&ents about lOO'-level cotirses, 
ono liberal arts dean ventured the opinion that he nould love to 
see a few good 100-level courses on te^mological literacy. This 
should not ]te the end of a technological literacy ourriculua — a 
curriculua includes sore than one course— but it would be a good 
and necessary beginning. 

There was also aniaated discussion about i^ether 
technological literacy courses require as prerequisites a certain 
degree of scientific and aatheaatical literacy. Soto meabers of 
the group felt strongly that scientific ai^ nathesatical literacy 
could themselves be taught by means of technological literacy 
coixrses . 

Returning to the issue of a technological literacy 
curriculua itself, the group distinguished two levels of 
curriculua analysis. Level one ea phas izes the ia^rtance of both 
content and process or method. This content and process can be 
coanunicated indirectly in courses a£2S23S& technology, but sore 
effectively and directly by courses in vhic^ students actually do 
technology, (meaning engineering problem solving and design) . 
Courses about technology are typically entitled "The History qX 
Technology** or the "Sociology qZ Technology,** whereas courses in 
which students dfi technology are typically entitled '' Problems of 
transportation/communicatioxv^etc.** As part of this first level 
of analysis, it was also noted that for students technological 
literacy can be a means to science and mathematical literacy. 
For faculty, especially engineering faculty, technological 
literacy can be a means by which they contribute to general 
education. 

At a second level of curriculim analysis, the question was 
raised about why technological literacy should be promoted. 
There are two answers. First, it is useful to society, and can 
help students to get jobs. Second, it is personally \iseful, 
because it provides understanding and knowledge. Technological 
literacy contributes to a general or liberal education. 

It was also argued in relation to this second level of 
analysis that the faculty in any institution of higher learning 
should come together to reflect on the nature and meaning of 
technological literacy. Such reflection should be 
interdisciplinary in character. For instance, it would be very 
useful for each department in the university to present what the 
faculty of that department thinks are the core concepts or ideas 
which all students should know if they are to be well educated 
generally. Each discipline should identify what part of itself 
should be included in a core, interdisciplinary, general 
education . 

It is also necessary for a truly lilseral education for 
members of all disciplines to reflect upon the strengths and 
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wea}cnesses of disciplinarity itself. In relation to 
technological literacy, it is crucial for faculty and students at 
the senior level to become aware of the frameworks that engineers 
and scientists use in thinking about problems and the world. It 
is necessary, argued one member of the group, to recognize the 
need for multi-disciplinarity to deal with truly coo^lex problems 
and complex systems. It Is also necessary to recognize that any 
proposition is true only within some limited domain or system. 
It is reflection on such issues that makes interdisciplinary 
discourse possible, and this should be the cap^^t'^ne of 
technological literacy. 

A su28mary of these two levels of analysis is provided in the 
following diagram. 
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Faculiy reflection on jiamis andjQa^iag.ofTL 
- intenlisdplinary/multidiscq}Iinaiy reflection: 
Gen. Ed. core qI each discipline & core 
knowledge ^bout disciplinarity itself. 



Why? — uaefwi 




Abcuc technology Doing technology 

history of ... probleas of ... 

sociology of ... 
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David P. Billington 
Princeton University 



This session dealt with general views on cxmrse content, on 
the forms of teaching materials, and on the results obtained so 
far. The people attending were Benaark, Billington, Devon, 
Durbin, Dustin, Frair, Granning, Hutchinson, Lieb&an, Morgan, 
Toapkins. Soae of the major issues discussed were: 

general VAgyff 9M course Content 

First, how do engineers think or what is the deaicm process 
in engineering and what were the historical origins of present 
day engineerdUig objects or systems. A second thesus for content 
was embodied in critical t hinking as an educational goal which 
includes technological assessment, the potentials, and the 
limitations of technology. A third idea was esqpressed by the 
tendency to define engineering through problem solviiw and thus 
to develop course content focused on ideas and exao^les from the 
solution of engineering problems. Parallel to problem solving is 
design as another prime characteristic of engineering? and along 
with both comes the iov and ex citement of engineering — something 
which has been partially lost in the public mixKi in recent years. 
Also partly the emphasis on institutional forces as shading 
technology has tended to make the activity of engineering seem 
less appealing. Some renewed stress on the role of individuals 
and their joy in engineering would help redress a loss of balance 
in the image of the profession. Another factor raised was the 
perception that engineers and scientists do not do well in 
teaching their own majors, let alone in teaching liberal arts 
students . 

Aspects such as critical thinking, problem solving, and joy 
and excitement are all essential to good course content but they 
are no help in defining it. The engineering design process and 
the stories of individual engineers, on the other hand, are 
defining aspects as are the social (which include institutional) 
constraints peculiar to engineering work. This course content 
for technological literacy seems to require exposure to defining 
aspects as well as experience with them that will help develop 
student pleasure in engineering along with some ability to solve 
simplified engineering problems and to think critically about 
engineering objects and systems. 

The Forma of Taachiner Materials 

Our discussion focused on case studies in engineering which 
can involve either historical content or other sorts. The 
historical case studies need to be based upon original 
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scholarship and can thus be relatively pezaanent additions to the 
literature. The form for these studies cmn be full-length boolcs 
(such as Networks of Power by Hughes) , TOnographs (such as The 
Electrification of Los Anoeles by Cc^ and Zanella) , or shorter 
units (such as the Steaaboat unit in the Epiaodes Monograph) • 
Another sort of case study axe the business school decision 
Baking units which can give students samB eacperience vith problem 
solving and critical thinking in a contesq^orary context. This 
context is also crucial for the historical studies; they should 
illustrate present day problems (such as contaizuaent vessels and 
government regulation for reactors) . Whatever the length of 
these studies they should include numerical calculations, social 
contexts, and aesthetic, ethical, or symbolic meanings. Such 
studies are integrate in the sense of illustratiiMr how 
engineering wrks must perform in the natural world, must come 
into being in the social world of politics and economics, and 
will change the perception of individuals. 

Hesults Obtained So Far 

Some general questions were raised about available materials 
and those that might be developed: are they integrated in a way 
to appeal to or make sense to liberal arts students? Can they be 
used at schools other than the ones at which they were developed? 
and will they be merely watered-down engineering? Here the Sloan 
results provide a basis for some reasonably firm conclusions. 
First, the New Liberal Arts Program put in a few ei^ineering 
faculty into close contact with many liberal arts faculty to the 
benefit of both. Second, the program brought together faculty in 
research universities and those in liberal arts colleges; emd 
third, it supported scholarly research aimed at producing 
teaching materials. The results to date show that integrated 
teaching units can interest liberal arts students, that units 
developed at one institution can be used at other places, and 
that historical case studies quite naturally use simplified 
mathematical formulations for difficult engineering designs 
because pioneering engineers often did just that themselves. 

The engineering-oriented teaching materials so far published 
in the New Liberal Arts Program are an essential starting point 
for any planning of new course materials that wishes to focus on 
technological literacy. 



137 

127 



ATTRACTION OF STUDENTS 

John Opie 
New Jersey Institute of Technology 



As far as students are concerned r the group agreed that 
technological liteiracy belongs in a general or core curriculum 
required of all iindergraduates . But technological literacy 
should not be part of the traditional "turf battle" over too much 
aaterial concentrated into too little tine. Instead, 
technological literacy can become a "biisding force" that helps to 
unify the entire curriculum. That is, it can provide a thread 
throughout many core courses that can help students fiiKl 
coherence in their diverse courses, and to see the relevance of 
the courses for their careers and future lives. Technological 
literacy, after all, is not the "property" of one discipline or 
field alone, but is inherently cross-disciplinary. The group 
noted that such ctirriculum tracking is explored in the recent 
AMS engineering student's guide on the humanities and social 
sciences . 

other important subjects were: 

1) We must recognize that the "two cultures" debate over 
differences between the humanities and the sciences is 
still commonplace among students and their courses. 
Students who are comfortable with math often feel 
inadequate in verbal skills, and vice versa. This 
polarization is unacceptable and unnecessary, but not 
unusual. Technological literacy is a particularly 
effective means to overcone the two cultures division. 
One attempt to resolve the conflict exists in the Sloan 
Foundation's New Liberal Arts programs. 

2) Teaching technological literacy in the classroom can be 
enhanced by a practical enphasis on "the way things 
work," particularly for the non-science and non- 
engineering student. There is often too much ea^asis 
upon abstract principles, e.g., "nuclear energy," and not 
enough about the ways in which science/technology impacts 
daily life, e.g., nuclear energy powerplants. 

3) Technological literacy ought also to emphasize how 
scientists and engineers solve problems, particularly (a) 
the effectiveness of scientific reductionism to break 
down large problems into more manageable smaller parts, 
and (b) the emphasis engineers place on pragmatic problem 
solving, rather than the intellectual debates of the 
h\imanities . 
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4) One iaportani: observation was that scientists ai»l 
engineering students teikl generally to be optialstic 
about the future. Sorial criticism and refona aovasents 
tend ffiore to co&e fron the huaanities and social 
sciences, while engineers are store li3cely to believe that 
specific probleas can have successful specific solutions 
when enough tise and effort is put to theo. The 
iaplications of this observation were not eaqplored but 
the subject seeos to have potential. 

5) Technological literacy is a particularly good point of 
entry into other aajor core educational subjects, notably 
globalisa and aulticulturalirai. Today's world is bound 
together primarily through a scientific and technological 
culture that is becoming universal. As technological 
literacy maXes students aware of the power of technology 
in their lives, they can also better understand the place 
in global and diverse world for their nation, their 
culture, their coxosunities and themselves. 

The group also agreed that there is an urgent need for data 
on why students find some courses and siibjects more attractive 
and others less so. And outcomes assessment is essential to 
identify how successful we are in creating technological literacy 
in the classroom. More data is essential. 
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Marian Visich, Jr. 
SUNY-Stony BrooX 



The breakout session on faculty issues and logistics 
discussed the problems associated with getting faculty interested 
in teaching courses in technological literacy and the logistics 
of introducing technological literacy courses into the curriculum 
on a given ca&pus. 

For colleges with an engineering unit, it is necessary that 
the engineering faculty be involved with the development of and 
the teaching of technological literacy courses to have a 
successful prograa. The technological literacy prograas at 
Brown, Penn, Stanford, Stony Brook, and Yale were initiated in 
the engineering colleges in the early 1970 *s when engineering 
enrollments declined. This provided the engineering college the 
opportunity to teach non-engineering students and to increase the 
student FTE taught by the engineering faculty. In the late 
1970 's and early 1980 *s, cmgineering enrollments increased 
dramatically, resulting in large class sizes and increased work 
load for the faculty. Engineering enrollments peaked in 1983-84 
and have declined since then. It is projected that engineering 
enrollments will decline through the mid 1990 's. mis may once 
again lead to a favorable environment for offering technological 
literacy courses to satisfy faculty teaching load. It was 
pointed out by several Deans of Arts and Sciences that it was 
difficult to get cooperation from their engineering deans, at the 
present time, to develop technological literacy courses to 
satisfy general education requirements. The problems of 
stimulating cooperation between departments in the typical 
College of Arts and Sciences were also discussed. 

In most colleges and universities, the faculty reward system 
is based upon research publications and funding, and teaching 
courses for majors. It was pointed out that this is especially 
true in a small liberal arts college where the number of faculty 
in an engineering and/or science department is small. Many of 
the participants recommended not getting young faculty involved 
in the technological literacy movement as it was a perfect way to 
torpedo a yoxing faculty member's career and to make him 
unemployable. Experienced senior faculty members with 
established research careers are good candidates for offering 
technological literacy courses if they are interested in a career 
change. Selected retired industrial engineers could also become 
involved. These individuals would bring a wealth of experience 
and Joiowledge into the classroom. 

Two of the critical factors in developing the technological 
literacy course for liberal art students are that the faculty 
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member is interested in the subjecrt natter of the course and that 
the material be presented at a level to match the badcground of 
the students. Based upon the professional background of the 
individual faculty meat&r, successful courses have been developed 
in communications technology, biomedical engineering^ 
microelectronics, bridges and structures, and the eacploration of 
space. Many of the courses were initially team taught to reduce 
the course develops»nt time. Yale Dniversity has a unique scheme 
for teachii^ tTChnology literacy courses. Tima is s^eduled for 
a three-credit course in the morning ma± for one in the 
afternoon. The semester is divided into three parts ax»l a total 
of six ono'-credit courses are offered dtaring the available time 
slots. This has attracts many junior and senior faculty members 
to participate as their time commitment is for only 1/3 of the 
semester. A student is required to taJce any three of the one- 
credit courses to get credit for the course. 

There were limited discussions on the availability of 
funding for technological literacy programs and on the available 
curriculUB material. It was pointed out that the National 
Science Foundation funded the workshop smd had several 
representatives at it. NSF funding is available for curriculum 
development and laboratory equipment for technological literacy 
courses. Williams College was successful in receiving HSF 
funding for Larry Kaplan's course on forensic science for the 
developz&ent of curriculuie materials and laboratory equipment. 

During the past decade there has been a wealth of curriculum 
material for technological literacy courses. The Sloan 
Foundation's New Liberal Arts Program has develop^ a monograph 
series and book series which can be used as text material for 
technological literacy courses. Reports from the office of 
Technology assessment and the National Academy of Engineering 
have been used as text material in many courses. 
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REFLECTION53 ON TECHNOLOGICAL LITERACY 



David R. ReyesHSuezxa 
Accreditation Board for Engineering and Technology 



The Accreditation Board for Engineering and Technology 
(ABET) and its predecessor, the Engineering Council for 
Professional Development (ECPD) , have been concerned with 
"technological literacy** for many years. This topic did not have 
a high priority, however, because ABET concentrated its limited 
resources on matters that affected its main concern: 
accreditation. Under the leadership of Russel Jones, 1987-88 
ABET president, ABET elevated the issue of technological literacy 
to its ismediate priority list. Although this issue is ancillary 
to straight engineering practice, we consider it vital to the 
understanding of the engineering profession. Thanks to generous 
support from the National Science Foundation and the continued 
interest and dedicated leadership of Russel Jones we were able to 
hold this conference and provide an opportunity to investigate 
how best to serve the public and the engineering profession by 
increasing the technological literacy of everyone, especially 
those in higher education institutions who are pursuing programs 
that eventually impact on technology. 

The engineering profession must be involved in the effort to 
increase technological literacy in this country. It is vital not 
only to the health of the profession but to our continuing 
national competitiveness, as well. 

Let us be simultaneously cynical and truthful for a moment. 
Engineers work with facts; let us consider some of those facts. 
The engineering profession cannot take on the technological 
literacy campaign alone. We sinply do not have the numbers of 
faculty or the funds to do a major public relations or 
advertising campaign. If only we had the resources of Ford or 
some of the beer manufacturers!!! All the engineering colleges, 
325 at the latest count, 290 with accredited programs, account 
for 30,000 faculty members who run the full spectrtim from 
instructors to tenured full professors. These men and women are 
already addressing a student population in the millions. How 
much time could they dedicate to this effort? There are more 
than 3,500 colleges and universities with millions of students. 
We are a very small force in the total spectrum of higher 
education. 

We must find new ways of disseminating the information and 
materials already collected. The populations we would like to 
influence immediately are the liberal arts community and the non- 
technological populations in higher education. Later, we would 
like to focus on the National Science Teachers Association and 
the large number of students who are coming up through the high 
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schools. We want to reach them! Our stixdent population exceeds 
40 million, and there are over 18,000 hi^ schools. Think of the 
nuabers we are talking about. Hov can we realistically handle 
this volume? How can we multiply ourselves to cover all 
concerned publics? How many of our colleagues OTUld and would be 
interested in participating in helping to carry out a 
technological literacy campaign? 

Z would like to have David Billington's lecture given to a 
million high school students, and another million in college— 
not just one lecture but a series of lectures illuminating what 
we mean by technological literacy, ifho can we get to sponsor 
such an event? How realistic is it to expect one issue, suc^ as 
"structures" or "bridges," to represent the entire field of 
technology? 

It is very difficult even to conceptualize the magnitude of 
the field we are trying to impact. That tells us that the self- 
imposed load on the engineering profession to address 
technological literacy is tremendous. Can we expect to handle 
this vital issue with our present resources? Row can we impact 
the publics we need to relate to, and how prepare are they to 
give their own time and effort to become technologically 
literate? 

Thanks to committed individuals like Dr. Goldberg and 
organizations like the Sloan Foundation, millions of dollars (a 
necessary, but proverbial grain of sand) have been infused into 
this project. A lot of people have given tremendously of their 
money, resources, commitment, and effort for technological 
literacy. Has the effort been successful? Where do we go from 
here? 

Yes, the effort has been extremely successful in spite of 
the overwhelming odds. Humans, it is said, can move mountains, 
and some of you are moving the mountain of illiteracy. 

Look at the reality of the numbers I mentioned to you. 
Then, envision the task of bringing the technological literacy 
issue to the general ptiblic and the project shows itself as a 
monumental, mind boggling effort. Do we have the funds, can we 
get the funds, do we have the people, can we get them to dedicate 
themselves to this enterprise? All these are questions we must 
pose. We have simply taken the first step; there are many more 
to take, but we cannot wait, we must follow, some of you have 
shown the way and have taken that first step. It is up to the 
rest of us to move ahead and help you in furthering your scope of 
involvement . 

For myself, I liken bringing the world technological 
literacy to a religious crusade. The zeal and commitment of a 
few, sometimes a handful, can change the world. 
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We nus^ rely on others fros other disciplines and 
professions to help you carry the aessage ax^ assist with the 
worX. You in the engineering education oooDttnity aay develop the 
courses, you aay develop the material » hut sooscn^ else with some 
other kind of vehicle must be found that is sufficient to carry 
the message to the vast nuxabers that must be reached. Let us be 
realistic about what ve can do and what we are going to do. Let 
us set realistic goals. It is hoped that this workshop will set 
the tone, help delineate the problem, and set us on a path to 
positive ac^soi^lishments. I would give you the ^large to really 
look at the total picture and how we can realistically influence 
the rest of the world to understand the technological outlook or 
point of view concerning the problems that beset hua»nity. Kany 
of those problems have a technology base. 

ABET recognizes the promotion of technological literacy as 
both the mandate and the duty of the profession. In ABET, 
twenty-six engineering societies come together to share common 
problems related to education. A6ET*8 main rraponsibility is 
accreditation, and those of you in engineering colleges are very 
familiar with ABET through the accreditation process. 

Our membership is the entire profession through the 
curricula-responsible engineering societies, and you, as 
educators, have a part in ABET through your membership in 
professional or technical engineering societies. We must awaken 
the engineering societies to their responsibility for carrying a 
p\2blic message not only about the value of their own disciplines 
but on the value of technological literacy itself. 0\ar 
engineering societies are not really as involved as we would like 
to see them. 

You, as educators who are working in the area of 
technological literacy, should call upon the technical and 
professional societies to enlist their coamitamt to 
technological literacy. Your own faculty is not enough. I^ook at 
the large numbers we must make aware of our new "religion" — 
technological literacy. The colleges add up to over 3,500, and 
that is one of the publics we must influence. 

Can we imagine some way to multiply at least a hundredfold 
the effect of the efforts made by Steve Cutcliffe, Dave 
Billington, John Truxal, and so many others? How can we laultiply 
the commitment and the activity of all of you? Perhaps we should 
declare a new world crisis, a global war, and get 24-hour 
coverage by CNN 1 1 1 

At today's session let us devise a way of working on these 
issues. Let us abandon the old way of doing things. Let us set 
the agenda for the future. . . . 
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Let ae call your attention to President Bosh's message on 
education. It is a very coaprehensiva paper whi^ addresses, 
aaong other things, technological literacy. Otiose of you in 
leadership positions in engineerii^ education will find several 
concepts he expresses that will be useful to you during your 
conversations with state legislative 2)odies and other 
govem&ental agencies. I also reoooaend a paper, "Toimrds a US 
Technology Strategy," published by the VST, Brie Blo«^, the 
director of nST, that describes what measures can be talcen to 
develop a U.S. technology strategy. Many of the issues central 
to technological literacy can be discussed in teras of national 
coapetitive strategy, and you will find then in this paper. 

Let us think in terns of i^t I said earlier. Mb have to 
imagine new methodologies, new ways of coamunication. ABET 
President Leslie F. Benaark, who spoto earlier, said that what we 
need in engineering is an "L.A. Law" — in reference to the appeal 
of TV and its great cosasunications ability — and, of course, ECPD 
(the fore-runner of ABET) said that years ago. We need a 
television show that portrays engineering. Television is a 
powerful aediua, and a good way of coaaunicating. However, not 
everythone Z know conveys a good iaage or coaaunicates well on 
camera. 

I know a very, very power fia and fascinating individual who 
addressed some of us a couple of days ago. I and others in the 
audience were enraptured. His colleagues subsequently told ae 
that although he is a fantastic live lecturer, his videotapes are 
not as effective. He himself, agrees with that evaluation. 

Perhaps instead of using professors in our videotapes, we 
should use trained actors to deliver our message. Instead of you 
speaking, use em expert who is really good at communications. He 
can read your script. 

one of the best films I have seen recently that illustrates 
this situatior is on Escalante, a high school mathematics teacher 
in South Los Angeles, California. He is from Bolivia and has 
worked miracles in his school mathematics program. I have met 
him and was very impressed with his approach to activating yoiuig 
people to "like math." He was praised by the President, and 
named outstanding teacher in the United States. They made a film 
on his teaching. The actor selected was not Hr. Escalante but an 
actor, Edward James Olmos. Even though the filn was 
biographical, Mr. Escalante could not play hiaself in his 
everyday activities. Why? He projects differently on film. How 
many cases do we know of others portraying the person being 
featured, even though that person is able to play hiaself? 

After seeing the amount of work and research Russel Jones 
and some of you put into this conference (demonstrated by the 
large lists of reference material), I am certain we need a 
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"olearinghouee. " There is a vast anount of aaterial that we aust 
catalogue, review, and classify. He not only need a 
clearinghouse, we need to create a group tha^ is able to look at 
the existing naterial and objectively evaluate and criticize the 
&any iteas. We need a group to looX at different paarts of the 
entire bibliography we have available and decide which are sost 
favorable and proper for lielping with technological literacy. We 
oust be able to catalogue based on age and education of intended 
audience ^ on area or field of coverage. We must look at gaps 
that must be addressed. 

Many years ago a national effort vith a high school coiurse 
was developed, "The Man-Made World." This caae froa Bell 
Laboratories and AT&T. Dr. Ed Davis and Dr. John Truxal were the 
principal authors. This effort was followed by the series on the 
"World of Manufacturing" and the "World of Construction" from 
Ohio State iniiversity. 

Neither of the sUsove efforts, for one reason or another, 
ever accomplished its objectives. There is a move to generate 
some course material that can be given in the seventh or eighth 
grade that will substitute for the industrial arts (shop) or home 
economics course. This is intended to bring about a respect and 
understanding of technology in the students. We can call this an 
attempt to promote technological literacy. The other purpose of 
these courses is to develop a liking for science and mathematics 
study. 

In New York we have done the same thing. We now have a 
mandated program in the seventh grade on technological literacy. 
All youngsters in the state must take this special course which 
has been put together by course specialists. I understand some 
engineering professors helped to develop this course. Although 
it is a mandated course, it has nor been adopted by New York 
City. 

We must identify instrumenrs by which we can communicate 
with the world at large. Possibly the most difficult task is 
providing vehicles by which others — not necessarily we— can do 
the work, with high schools and other schools we must help by 
developing the material that others can use. Sufficient nimbers 
of engineers are not available to do this work. We must prepare 
to have others deliver "our" message. 

Consider the limitations I have been talking about all 
along. The numbers game controls our effectiveness. We cannot 
communicate with the entire world in the same way we ciistomarily 
teach engineering in the classroom to our own students. We need 
new structures, new methods, new paradigms. Dr. Bugliarello 
reminded us last night of the health situation in this country. 
The numbers were staggering, and worst of all he was talking 
about life and death. He did a thorough job. He talked about 
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the technology involved in the health field and the millions, if 
not billions of dollars and millions of people involved. Is 
technological literacy something ve should push for the forty 
million Americans who cannot afford health insurance? Should ve 
worry about technological literacy for the large retired segment 
of ofux popiaation? Should we teach technological literacy to 
middle-aged students returning as adults to college? 

When ve talk about the NSF axut Sloan, ve are considering the 
current funding sources in this TOuntry for this vital concern. 
Should the conference Board and other such organizations be 
forums in vhich ve tallc about what technological literacy means? 
The Conference Board is made up of the chief eicecutive officers 
of leading manufacturing concerns in the U.S. Should General 
Electric, Chrysler, General Motors, IBM, Xerox, Lutron, or any of 
the others who have a lot of trouble vith the level of 
technological literacy among their employees be interested in 
helping us help you to bring these ideas to fruition? ffe keep 
talking about the need to have a technologically literate 
vorkforce. Should ve rely entirely on the valiant efforts made 
by the foundations that always help the engineering education 
effort? Should ve not think in terms of letting the large 
corporations vhich rely on a technologically literate vork force 
contribute financially to this effort? What you are doing is of 
great benefit to these companies. The results are not immediate, 
but they will show longstanding, permanent insults after a 
generation of young people have gone through the experience of 
education for technological literacy. 

Industry con^lains about our workforce. They do not simply 
mention the selfish work ethic of most employees (the proverbial 
"union** problem vith innovation) , but over and above that is the 
complaint that most workers are not ahla to do the work in an 
intelligent way simply because they do not understand the basic 
principles; they are not technologically literate. 

The education of most members of the labor force is not 
geared to being in the skilled or semi-skilled vorkforce. 
Education from kindergarten through the senior high school level 
is oriented toward a liberal arts background. Even 
vocational/trade schools are not geared to answer the needs of 
industry, and, furthermore, there are very few of them relative 
to the "academic** or ** comprehensive** schools. He eagerly copied 
the European nodel of education but failed to adopt their 
vocational/trade education. Workers in this country have to be 
reeducated in the major industrial concerns and other companies. 
Technological literacy would make the difference in all segments 
of our population as we freely compete vith the rest of the globe 
in our technological world. 

Good questions for you to answer in the next hour. These 
next points are very germane to what we are talking about. 
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How can the technical and liberal arts components on campus 
be encoiiraged to work cooperatively with you and t09ether to 
generate appropriate programs in technological literacy? You 
must stress the fact that even though they do not realize or 
accept it, the liberal arts and sciences have a technological 
component. 

One of the proaqpters to our involvement and why we sought 
the help of the NSF and leaders such as John 19hite to support us 
and Russel Jones to take the leadership of this conference is the 
success ABET/ECPD had with getting the liberal arts and 
humanities to help engineering. We thought that that success 
could also be replicated with engineering influencing liberal 
arts, the humanities, and the social sciences. 

The Association of American Colleges (AAC) undertook a major 
research program to determine "clusters" in the social sciences 
and humanities (SS&H) that would give the depth and breadth that 
the ABET engineering accreditation criteria demanded and satisfy 
the SS&H representatives. ABET was seeking guidance for the 
engineering programs with regard to the sixteen semester credit 
hours or the one-half year in SS&H that are specified in the 
criteria. 

The SS&H experts that AAC brought together agreed to design 
various clusters. They all agreed to this exercise even though 
they felt that sixteen semester credit hours provided a very 
short window to attempt "breadth and depth." To them, twenty- 
four to thirty hours was a minimum. 

Dr. Joseph S. Johnston, Jr. from AAC guided this work. Two 
publications came out, one entitled Unfinished Deaion and the 
other An Engineering Stud ent »s Guide to the Humanities & Social 
Sciences . The former is a comprehensive book containing all the 
research information, and the latter is a guide for general 
distribution among students. Over 70,000 copies of the Guide 
have been distributed and successfully utilized. 

Based on the needs of society and of the world to answer the 
sense of national competitiveness, should not we in engineering 
and those in liberal arts and sciences urge the adoption of 
technological literacy as a requirement in their curricula? 

The regional institutional accrediting agencies should also 
require that all undergraduate educational programs have a 
technological literacy component. We live in an era of 
technology, and our citizenry should be technologically literate. 
We are committed to prepare a more informed citizen to address 
congressional and political leaders at both federal and state 
governments on matters relating to everyday life. It would be 
helpful if those leaders were more technologically literate. We 
should make all necessary efforts to convince the people in 
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liberal arts that they need to give their students some 
bacJcgrotu^ in technology if they are to be properly prepared for 
the leadership positions of tomorrow. The college level is where 
sost work needs to be done in technological literacy as the 
college gradimte is geared to occupy positions of intellectual 
leadership. 

I spoke a while ago with Stephen Cutcliffe, and I asked hia 
if historians look down at hia aikl at other historians \iho deal 
with technological literacy subjects such as history of 
technology. He said no, and that these areas are well respected. 
1 wonder how the other faculties in a coi^rehensive university 
feel about their peers being interested in areas that reflect on 
technology. 

How many philosophers, politicians, writers, artists, and 
sages from the past reflected upon technology and its effect on 
humanity? Research on this topic should be attractive jo faculty 
members from a ninober or fields. Karl Harx and Sigaund Freud, to 
mention two opposites, dealt with technology in many of their 
writings. 

The timeliness of coiirses and subjects is essential to a 
successful curriculum. The attractiveness of engineering should 
be manifest to all students, especially our own, if they receive 
a course in technological literacy early in their college 
careers. We should offer technological literacy material to our 
own students as they join the engineering college. Just-in-time 
education should involve this area ax^ should be an incentive for 
the student to remain in our programs. The attrition rate in 
engineering, of highly qpialified students in many cases, can 
often be attributed to the deception of their not being taught 
any engineering subjects for one or two years. The student, who 
is eager to become an engineer, wants to be expose to 
engineering from the very beginning. An introduction through a 
teclinological literacy course would answer this real need. 

We have a tremendous challenge ahead of us. Let us get 
together and pool our efforts to show the rest of academe that it 
is true that Hrauo^ C2IN MOVE NQQUTAXIS but that you need 
TSCT«0I06ZCMi m!S»hCt to get started. 
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Paul T. Durbin 
tTniversity of Delaware 

This report assuaies, and builds iqpon, a workshop on existing 
courseware. That earlier workshop, co nducte d by David 
Billington, put on display once again Billington*s brilliance in 
elaborating the ideal for technological lltaraoy courses. 
Elsei^ere, Billington has spelled out the foundation for an 
excellent technological literacy course (or prograa) : 

An engineering work, such as a bridge, aust be 
designed in accordance with scientific 
principles, and the goal of such design is 
efficiency, the greatest safety with a ainiaua of 
materials. But a brieve makes no sense unless we 
see it also in terms of the sroiety that caused 
it to be built. The social ii^erative of a 
bridge is economy, the greatest utility for the 
least cost. We need as well to see such works in 
terms of the huaanistic impact as revealed by the 
responses of painters, poets, and social critics. 
Do these structures stir our imagination and give 
us a sense of wonder?' 

A significant part of the wor}cshpp on existing courseware 
focused on the package put together by the Hew Liberal Arts 
gj^^p^ 10,11.15 g£ which Billington has long been one of the most 
innovative and prolific members. Also a»ntioned, however, were 
NASTS publications,^ the Lehigh curriculum newsletter, science. 
TechnolQcny and Society." and the Society for the History of 
Technology's published collections of syllabi.'' 

With so much already available in terms of technological 
literacy coiirseware, someone might wonder what we had to talk 
about in a second workshop on courseware n^ds. But as things 
turned out we had plenty to talk about-"-and not only complaints 
about existing coturseware. In the remainder of this report, I 
give my personal impressions of some of the needs people like 
ourselves have been talking about. 

A nismber of case studies exist that are useful in teaching 
technological literacy, ' • ' and there are even some 
tangentially-related case study textbooJcs,*'' but in my opinion 
there could never be too many good booklength case studies. If 
they are well done they provide all the ccs^lexity of technical 
needs, social, economic, and political constraints, and cultural 
reception that ve saw David Billington hold up as the ideal, 
above. 
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The ideal teaching arrangement, in a technological literacy 
course or prograa using complete case studies, would be 
interdisciplinary. An engineering faculty neaber (or a working 
engineer, biomedical engineer, etc. , as the case demands) votad 
be the best sort of person to convey to typically naive students 
the technical demands of an engineering or other technological 
project. For the rest, to present issues of cultural, social, 
and political coa^lexity, not just any hiunanist or social 
scientist or manager will work out well, it probably should be 
someone accustomed to team^-teaching — and preferably accustomed to 
teaching in a team that involves scientists, engineers, or other 
technically- trained people. 

Even in this ideal situation, there can still be problems 
with the utilizing of full-length case studies in a technological 
literacy course. There are tensions of all sorts: between 
humanities professors' interests and students' needs, between and 
among faculty members (or pre-college teachers) with different 
backgrounds, between students with varying career orientations 
and the "undeclared" who have not yet decided what to do with 
their lives, and between and anong the various organizations and 
institutions which may end up eriploying the students or being 
influenced by their votes as citizens in the future. 

One final note about the case studies that might be 
developed for teaching in this node. Some advocates of 
technological literacy worry that case studies of technological 
catastrophes or of misuses of technology will give students the 
wrong impression. Host bridges do not fall down; most 
technological venttires are reasonably well managed (and some are 
even exemplary in ethics terros) ; and so on. In my view, both 
positive and negative case studies are needed, and liberal arts 
students can learn a great deal about the complexities of 
engineering and technological development from either sort. If 
negative impressions are conveyed to the student, it may be that 
that comes from the biases of z'r.e professors rather than from a 
well done case study, 

A few visual presentations of technological developments, 
engineering projects, technical disasters, and legally or 
ethically ambiguous cases involving engineers or other technical 
personnel are beginning to be produced and distributed — for 
example, in the Nova series (ar.cng others) on TV. Some members 
of the technological literacy nc%'ement feel strongly that our 
greatest need lies here — that film and video presentations will 
give non-engineering students a :nore effective picture of the 
scope and complexity of engineering in the modem world than 
anything else could. 
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Z would not disagree with the need for such productions; in 
particular, they sight be a»re useful than classrooa-oriented 
saterials in helping to achieve tedmological literacy aaoi^ oat- 
o£-school adults. (The sane is true for other visual or dynamic 
nedia presentations^-for exai^le, in the best science suseum, 
which often do a better job of presenting technological processes 
and gadgets than of presenting coi^lex scientific devalopaents.} 
But X would propose two caveats, and the first is related to the 
case study approach dealt with above. In a sense, a well dene 
fila, television series # or video on technology 1& a case study. 
It is siaply a aatter of a different aediua (possibly sore 
effective for acms audiences?) . 

A sore iaportant caveat has to do with the qnali^ of the 
production of visual presentations of ei^ineering and technology 
ventiires. It is extresely is^rtant that the production be in 
the hands of co^mtent (and preferably isaginative and creative) 
professionals'. But it is also extresely iaportant that the 
producers, actors, etc., really Isossi engin^ring and 
technological work. Presenting stiff characters or caricatures 
in s'^lized, and unrealistic plots or situations or settings can 
do as such bad as good. In sy view, the^sass stan dar ds should be 
held up for sedia presentations as for print case studies--and in 
both cases the standards should be professional, and they should 
be high. 

interaetlva and Regtota-site TV Presentations 

Another new approach that has been consider^l is the 
trans^d.ssion of a successfoil classroom experience fros one 
location to another where technological literacy education is not 
otherwise feasible. It has been suggested, for exauople, that one 
of David Billington's presentations (even one of his courses or a 
similar course tauc^t by someone else) sight be made available on 
tape or by interactive TV to classes at schools acnross the 
country, other sisilar suggestions have been put forward, 
especially to multiply the successful experiences of the small 
number of outstanding teachers (engineers ai^ others) available 
for technological literacy courses. 

This innovative idea has its problems, however. And the 
most obvious problem is the one that holds back innovations of 
this sort in other areas of education as well. That is the 
problem of loss of the intangibles involved in good teacher- 
student interaction in the classroom. Interactive TV and other 
ingenious technological gimmicks may partly sake up for this 
loss, but outstanding teachers (including outstanding 
technological literacy teachers) have so far shown only limited 
interest in the distance-teaching idea (and especially in 
distance teaching without an excellent on-site aussistant of some 
sort) , presumably for this reason. Still, it is a possibility. 
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Finally, anong this lisited set of new ideas for 
technological courseware, there is the possibility of utilizing 
an increasing (?) base of co^uter skills aaong liberal arts 
students to ii^rove technological literacy. One exaiqple, 
possibly far-fetched, sight be to involve at least some non- 
engineering students in a cosputer-assisted-design course 
(probably one specially designed for then rather than a regular 
course already in the curriculua for ei^ineering students) . If 
feasible, such a coiurse might give non-ei^ineering stwients soae 
idea of what engineering design is all about (if not of the 
coB^lexities of the rest of aodem engineering and technology) . 
And imaginative engineering professors say ccmB up with better 
examples of software useful for educating non-engineering 
students in technological literacy. 

Some of the ideas discussed here say strike the reader as 
purely speculative sls well as far-fetched. In any case, it is 
not up to a group of workshop participants at a technological 
literacy conference to come up with the materials that will be 
needed for successful technological literacy courses. In all 
probability, future innovations will come from innovative 
technological literacy teachers. That is what has happened, for 
instance in the New Liberal Arts experience as well as in the 
experience of those who have contributed syllabi to the Lehigh 
curriculum newsletter (and similar ventures) . Good courseware is 
developed by good teachers. That is the way it has always been, 
and that is likely to be the way it will be in the technological 
literacy movement. 
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f;^ysORTIPM APPROACH 

Stephen H. Cutcliffe 
Lehigh University 

The breaXout group assigned to discuss possible i^chanisiBs 
for enhancing Technology Literacy, including the idto of 
consortia, began by agreeing that it was ii^rtant "not to 
reinvent the wheel." The group also agreed, hovever, that the 
wheel needed to be "trued t^" somewhat and the current is^ct of 
^ nnltipliad . As the discussion developed, iiklividual 
sugges'tions and ideas fell into three main areas— the 
identification of organizations currently actiive in TL, 
suggestions for groups that should be encouraged to becoa» 
involved in promoting TL, and proposals for actual mechanisms and 
activities for encouraging TL. The group concluded the breakout 
session with a proposal for a three-pronged action agenda. 

Currently Acstive TL/STS organisations 

We began our discussion by identifying key organizations 
already involved in technology literacy and STS-type activities. 
Included were: 

ABET - Accreditation Board for Engineering and 

Technology 

AAC - American Association of Colleges 

ASEE - American Society for Engineering Education 

KASTS " National Association for Science, Technology & 

Society 

NSPE - National Society of Professional Engineers 

NSTA - National Science Teachers Association 

CUTHA - Council for the Understanding of Technology in 

Human Affairs 

NLA - New Liberal Arts Program (Sloan Foundation) 

Engineers for Education 

Also included among the groups already involved in the 
Technology Literacy/STS area are those policy and historically 
oriented divisions of the professional societies, e.g. the 
Society for the Social Implications of Technology (SSIT) of the 
Institute of Electrical and Electronics Engineers, the Liberal 
Studies Division of the ASEE, and the Center for the History of 
Chemistry (CHOC) of the American Chemical Society and the 
American Institute of Chemical Engineers, committee 120, History 
of Concrete of the American Concrete Institute, and the Historic 
Landmarks Program. of the American Society of civil Engineers. 

After singling out those organizations already involved at 
one level or another, the group focused its attention on 
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identifying target groups which might be encouraged to become 
active or perhaps more extensively involved in the technology 
literacy area. Among those organizations that might assist in 
promoting TL are the National Association of State Universities 
and Land Grant Colleges (NASULGC) , the American Council for 
Acad^ic Deans (ACAD) , the Council of Colleges of Arts and 
Sciences (CCAS) , the National Conference of Academic Deans 
(NCAD) , and the state government education departments and the 
National Governors Association (N6A) . organizations that might 
be approached for financial support as well as promoting TL 
include the National Science Foundation (NSF) , the National 
Endowment for the Hiwanities (NEH) , and the Foundation for the 
Improvement of Post Secondary Education (FZPSE) . The Public 
Broadcasting System (PBS) was also identified as a potentially 
important vehicle for spreading TL awareness through programming 
focused on engineering and technology. 

Following the identification of target groups for supporting 
and extending TL awareness, the discussion shifted to suggestions 
for mechanisms both for promoting TL and for actually 
incorporating it into the curriculum. 

A. Common Core Curriculum Requirement - 

One of the broadest based approaches would be 
including a TL requirement within the notion of a 
common core curriculum as suggested by the Boyer 
Report of the Carnegie Foundation. 

B. "Top Down" CEO approach. 

For an effective impact, the group also felt it was 
important to approach the problem from the "top down" 
as well as from the "bottom up" through individual 
faculty. If college and university presidents and 
provosts can be convinced of the importance of TL, 
this will facilitate its incorporation into the 
curriculum. For example, if ABET as part of its exit 
interview were to suggest to college/university 
presidents the importance of TL and to inquire what 
their engineering colleges were doing to promote TL 
among non-technical students, this would go a long 
way toward promoting TL activities. 

C. State and Regional Consortia. 

Another important area for concentrating attention is 
at the state and regional educational level. A 
number of states such as Mew Jersey already have 
focused programs often utilizing consortia 
arrangements in the TL/STS area. By working through 
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the National Governors' Association aiui state 
education departsents^ it might be possible to 63q>and 
this level of activity. 

D. Press Coverage and Public <Hitreach. 

For Th to becoTO effectively understood, it will be 
iaportant to eaq^d educators* and the public's 
awareness through »>re eictensive publicity. It would 
be helpful to have TL both pr o m ote d and covered at 
all aajor professional and educational metings. 
Here organizations li3ce the NSFE, through its 
publicity staff, would be particularly well suited to 
assis't promoting and providing rafverage of technology 
literacy-related sessions and events. Siailarly at a 
more local level, individual college and university 
departments of journalism (perhaps especially 
science/technology writing programs) could assist in 
promoting awareness of technology literacy generally, 
as well as of specific activities and events. 

S^^MffiMi^y - R^solntA OPS 

Following the identification of the above wide-ranging 
ideas, the group corc^uded its discussion by suggesting three 
short-term action items: 

A. 1993 should be declared the year of Technology 
Literacy and that TL should be a icajor theme for all 
professional society annual meetings. 

B. ABET, NSFE, and other appropriate engineering 
societies should promote TL as a worthwhile activity 
by 1} encouraging engineering deams to have faculty 
develop and offer appropriate TL courses and 2) 
vorXing to make TL a general education requirement 
for all undergraduate programs. 

C. A short 1-2 page executive summary of the conference 
should be sent with an appropriate cover letter to 
the heads of all appropriate engineering and 
academic societies and organizations. In addition, 
the report should be circulatctd to all appropriate 
university administrators, including presidents and 
provosts and both engineering and liberal arts 
deans . 
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fPNDING DIRECTIQWS 



Samuel Goldberg 
The Sloan Foiuidation 



Let me begin with some general issues raised during our 
session: 



1. Before funding there has to be a decision made on what 
one wants to do. Our vor}cshop discussions have covered 
a very large number of issues and possibilities for 
future activities. Any proposal for funding will need 
to be fairly sharply focused. There is much work yet to 
be done in answering the question: Fuxulix^ for what? 

2. Whatever is proposed, it should have support from the 
highest levels within the university. Engineering 
colleges and others, including funding agencies, need to 
be confident that the program being planned has the 
approval and support of key university administrators. 

3. Decisions need to be made eUsout who will do the work on 
a given campus. Are these projects, p^agogical and 
curricular in nature, appropriate for junior as well as 
senior faculty members? Here, as at other such 
gatherings, we have heard much about teaching and 
research, criteria for tenure, and the university reward 
system. A proposal will need to be realistic and not 
assume that there is likely to be a major shift in the 
way universities and colleges of engineering see their 
mission or conduct their business. Luckily, only 

- relatively few committed and excellent faculty members 
are needed to get things started on campus and even to 
have a significant impact. 

With respect to funding sources, the group identified four 
main categories: 



Government 

Private Foundations 

Industry 

Colleges and Universities 

Government 
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The leading player here is the National Science Foundation. 
Within the NSF Directorate of Education and Human Resources, 
Division of Undergraduate Science, Engineering and Mathematics 
Education (USEME) , there are two programs particularly relevant 
for our interests: Undergraduate Curriculum and Course 
Development; and Undergraduate Faculty Enhancement. The former 
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supports ia^roveaents in introductory courses and includes a 
concern for scientific and technological literacy of the 
nonspecialist student and the general public. The latter 
en^shasizes i^ort TOurseSr trorkshc^MS, and other haxidS'^cm 
experiences for participants. Fran vhat ve have heard, NSF is 
particularly interestai in proposals that involve under- 
represented minorities and vonten, develop continuing cooperative 
relationships asong imiversities, four- and two-year colleges, 
industry and other concerned groups, encmirage research faculty 
to becoae engaged with K-12 issues in our schools, and pay 
attention to disse»ination so that good ideas can be spread 
beyond the grantee institution. 

The ZSepartnent of Education and the National Endow&ent for 
the Humanities should also be approach^!. GovemDental agencies, 
such as NASA and SPA, may be particularly interested in the 
development of courses on special topics, for exaisple, space 
technology and waste management. Finally, mention was made of 
state and local governments. They do not have much money these 
days, but their interc&st in improving science, mathematics, and 
technology education in the public schools (aivi in the education 
of school teachers} may lead them to consider support or at least 
some level of cooperation in an appzt^priately targeted project. 

This gives me an opportunity to say a few words about the 
Sloan Foundation's New Liberal Arts (NIA) Program. Mow almost 
ten years old, it has involved grants totaling about $22 million 
to thirty-six undergraduate colleges and a dozen universities. 
Faculty workshops, conferences, course development, writing 
projects, and many other activities have been supported, all 
designed to increase the attention paid in the undergraduate 
liberal arts curriculum to technology and quantitative reasoning. 
A Resource Center for the NIA Program, located at SOHY-Stony 
Brook and directed by John Truxai and Mike Visich, publishes and 
distributes a mor*.thly newsletter, collects and disseminates 
syllsibi, teaching modules, and other course materials, and serves 
to bring news of NIA activities to the wider public. 

Given the technology thrust of the program and the fact that 
most undergraduate colleges do not have engineering departments, 
the involvement of dedicated university engineering faculty has 
been an important feature of the program. Four such persons who 
have contributed in major ways to the NIA program are 
participating in this workshop: John Truxai, Mike Visich, David 
Billington, and Barrett Hazel tine. Although not as many as we 
would like, there are nevertheless quite a few engineering 
faculty members interested in the pedagogical and curricular 
problems associated with bringing a laiowledge of i^at engineers 
do and how they do it to undergraduate non-engineering students. 
The liberal arts colleges appear to be interested, although it is 
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always difficult to get naw courses into an already crowded 
curriculun. Student interest is not a problea at all, and this 
should be an encouraging fact for those planning next steps 
following this workshop. 

Grant-saking in the NIA prograa has come to an end for the 
Sloan Foundation, fl^ are now focusing on dissemination of 
results. In that connection, I %rant only to a»ntion the value of 
establishing networlcs involving both engineering and liberal arts 
faculty members and the crucial importance of having effective 
written materials that can be put in the hands of those i^o would 
like to experiment and develop general education technology 
courses on their own. 

Those of you who would like to learn more about the NIA 
program and HIA publications (syllabi, monographs, and books) are 
encouraged to write or call directly to John Truxal or Mike 
Visich at the SUNY-Stony Brook Resource center. 

It is our hope that what has been done within the New 
Liberal Arts program will prove useful as a foundation on which 
to build. There is much yet to be done and this workshop is an 
important step along the way. 

There are, of course, many other foimdations besides Sloan 
that are interested in science and technology and could well be 
approached once decisions are made about next steps. In our 
discussion, mention was made of the many ffl&all local foundations 
that could be helpful and therefore should not be forgotten. 

That industry has a stake in technology ^ucation is clear. 
Imaginative projects promoting technological literacy may 
therefore attract some level of support from technology-based 
companies and their associated foundations. The group felt that 
this was a source of funding worth pursuing. 

Colleges and universities 

Two main points were made during our discussion. First, it 
is necessary as this technological literacy project develops to 
find some means of demonstrating the serious commitment of 
colleges and universities to its aims. Tangible financial or 
other support is one way to do this. Second, the leadership of 
the engineering colleges is crucial in any project emerging from 
this workshop. However, the involvement of engineering faculty 
cannot be perceived merely as a temporary reaction to a dip in 
student enrollment, only to be abandoned as soon as the number of 
engineering applicants increases. 
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Let ae take this opportunity to make one final remark about 
long-term arrax^eB»nts and short-term action foUoving this 
vorJcshop. To maintain momentum and keep the interest of the many 
constituencies represented at this workshop, it vould be veil to 
plan for continued consortial activities. Ihese could include 
development of a resource center for the gathering and 
dissemination of relevant information, perhaps via an electronic 
bulletin board. The ^>onsorship of writing projects for the 
preparation of nev course materials could be an ii^rtant 
activity. Periodic iraetings, trorkshops, and conferences to help 
the network of interested and informed participants grow vould 
also likely be part of such long-term arrangeii»nts* 

Short-term action is also necessary. One possibility is for 
a few large universities to make commitments for a major project. 
The engineering college on each caapis would not act alone, but 
vould join with arts axad sciences, medicine, nursing, business, 
education, and other parts of the university to develc^ a can^ms* 
vide technological literacy program for students. Two-year 
colleges and even the ptablic schools in the region could be 
involved, especially if the university s^iool of education were 
convinc«i that such a program would serve an ia^rtant role in 
teacher training. The development and funding of at least one 
such project vould serve as an important existence theorem for 
the entire community, showing that what we hope will turn out to 
be a wide-ranging national movement is feasible and worth the 
significant effort it will require. 
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STIwaiATION OF PROGRAMS 

Bethany S. Oberst 
Southwest Missouri State University 



The participants who attended this session were Cfaemo, 
DeLoatch, Feisel, Gorenstein, Jennett, Kulacki, Meier, Oherst, 
Scholz, and Hasow. 

Charge to the Comitteeg Address the followina Issues and 

Are additional programs in technological literacy needed? 

If so, what national-level stimulation would assist in their 
initiation and growth? 

How can the technical and liberal arts faculty on a given 
campus be encouraged to work together to generate such 
programs? 

Are special incentives needed to encourage faculty/students 
to become involved? 

How should we package what we are cabling technological 
literacy so that the converted can sell it on their own 
campuses? 

How can we reach the CEO's of various colleges and 
universities to enlist their suppozrt? 

Five over-arching concerns emerged during the session: 

1) We should all be awar'^ that this project to encourage 
the study of technol- in the undergraduate curriculum 
of colleges and universities is nothing less than an 
effort to change the cultural climate in the United 
States. While many people in this coiintry are viewing 
technology with reservations and sometimes even 
hostility, we are suggesting that technology is an 
appropriate and critically important area which urgently 
needs to be addressed in the undergraduate curriculum. 

2} In thinking about shaping activities designed to promote 
technological literacy we need to be aware that we are 
in fact working with three potentially distinct 
audiences: the general public; teachers and students 
in K-12 education; and the world of higher education. 
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3) When worJcing to pronote the study of technology on an 
individual caa^nis, two strategies ohoiild be weighed in 
light of the general environsent of the institution. 
One approach is to work to change qanaral education 
reqniranents by the addition of course in tedinological 
literacy, and the second is to |>romote grassroots 
efforts by even a small number of enthusiastic and 
dedicated faculty. 

4) The first professional degree in engineering— unlike the 
other professions— is the baccalauzreate. This unique 
pattern aakes issues of parity and ccsmpaxiBon between 
the engineering undergradiuite curricultm and that of 
liberal arts majors problematic. 

5) There is a lack of clear consensus about i^o should 
actually do the work of designing and teaching 
technological literacy courses: engineering faculty or 
arts and sciences faculty. A team approach may be the 
most effective in the long run. 

Questions and Suageations 

1) Are additional programs in technological literacy needed? 

• Yes. 

• We must determine whether we can defend additional 
programs as a needed/ required component of the 
undergraduate education of every student. 

2} What national'level stimulation would assist in the 
initiation and growth of additional programs in 
technological literacy? 

• Hold a yearly conference of approximately fifty 
invited guests to discuss central issues. 

• Organize a nation-wide cumemoration of an event 
related to technology. This would be in the mid to 
late 1990s and be used as a vehicle to raise public 
awareness of the role of technology in the United 
states, past, present, and future, and the need for 
greater technological literacy. 

• Work hard to gain the backing of the Association of 
American Colleges, other organizations whose 
endorsement would be useful are the Association of 
American Universities, the Council of Colleges of 
Alts and Sciences, the American Council on 
Education, the National Association of State 
Universities and Land-Grant Colleges, and the 
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American Association of State Colleges and 
Universities . 

• Write an article for publication on the back page of 
The caironicle or for the AAC's publication Lifefiial 
Learning. 

• Write a monthly column for The chronicle on 
"interdisciplinarity" in higher education. 

• Arrange for the Council of Colleges of Arts and 
Sciences to invite the engineering deems to meet 
with them in a session organized around the issue of 
technological literacy. 

• Approach the National Science Foundation 
(particularly the Social Science and the Education 
and Hmoan Resources directorates) for funds to 
promote team approaches to technological literacy. 

• Aim at finding a charismatic national leader who 
could stimulate change. 

• Create an exciting video series on technological 
literacy, the history of technology, and 
engineering, to be shown on PBS. 

• Develop the model of John Leehart's series of 
minute-long programs on PBS aimed at technological 
literacy. 

How can the technical and liberal arts faculty on a given 
campus be encouraged to work together to generate programs 
in technological literacy? 

• Seek dollars for arts and sciences faculty 
fellowships in engineering colleges. 

• Encourage grassroots initiatives by individual 
faculty members interested in technological 
literacy. 

• Initiate a program of faculty development to 
persuade engineers to become involved in 
technological literacy courses. 

• Retrain liberal arts faculty so that they can teach 
technological literacy based on their areas of 
specialization . 

• Arrange for liberal arts faculty to be in more 
direct contact with engineering faculty* 
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• Deal directly with deans vho can effect change on 
their level. 

4) Are special incentives needed to encourage faculty/students 
to become involved in technological literacy? 

• Yes. 

• MaXe six-to-nine hours of courseirork in 
technological literacy required for the 
baccalaureate degree. 

• Work through institutional c^amittees to effect 
change. 

• stress the art of engineering through professional 
associations . 

• Create tvo-to-fotir engineering fellows, recruited 
from arts and sciences faculty, to develop programs 
modeled on David Billington's program at Princeton. 

5) How should we package what we are calling technological 
literacy so that the converted can sell it on their own 
campuses? 

• Consider changing the term "technological literacy** 
using value free language in order to make the 
concept more palatable across broad audiences on 
campus. 

• Be aware that the general public has growing 
concerns about the issue of sustainable technology. 

6} How can we reach the CEO's of various colleges and 
universities to enlist their support? 

Do a survey of presidents and provosts who are 
themselves engineers to find out what they have been 
able to accomplish in technological literacy on 
their own campuses. 

• Work through national associations wnere campus 
CEO's congregate. 

• Aim at getting the support of provosts through 
conferences . 
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XEJVr PnOGRMSS SURVEY 



Prograsis Survey Report 



During the 1960s Americans recognized that they nectded a 
better understanding of the impact science and technology had on 
society in order to protect the environment, to limit the discord 
caused by change, to sustain political and cultiural values, and 
to insure the full participation of citizens in the economic and 
political system. In the following years, universities and 
colleges, foundations, professional and higher ^hication 
organizations, and state and federal governments have engaged in 
a wide variety of innovative activities to improve the science 
and technological literacy of a broad range of individuals. At 
the academic level, these activities led to the introduction of 
new programs and courses at many colleges and universities. The 
growth of interest and actions to improve scientific and 
technological literacy can now be viewed as a national movement 
for educational reform. 

Technological literacy involves an understanding of basic 
technological systems and processes, the mathematical and 
scientific foundations of technology, and the use of this 
knowledge to make intelligent . well-informed decisions and 
choices about technological issues. In particular, it includes 
an understanding of technology innovation; technology assessment 
and risk-benefit analysis; interaction between technology, 
science and industry; and related environmental, economic, 
social, agricultural, military, and international issues. 

Thus far, the li^.eracy programs that have been developed are 
diverse, often divergent, and normally focused on science. 
Technological literacy has not received the same emphasis, study, 
funding, or curriculum development as science literacy. Over the 
last five years, efforts to overcome this serious shortcoming 
have come from individuals and organizations loosely identified 
with "science, technology and society" (STS) curricula and 
programs. While credit should be given to those involved in STS, 
technological literacy continues to be a relatively unknown 
quantity in higher education curricula. 

MEED FOR THE CURREMT 8TOBY 

In the early part of the last two decades, a number of 
colleges ar.d universities in the United States started new 
programs under the broad title "science, technology and society. »* 
Only a part of the STS programs were devoted to technological 
literacy aspects. The degrees offered, faculty and student 
involvement, and funding at various institutions varied greatly, 
based on the objectives of individual institutions. 
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Based on the various definitions and tbe institutional 
perspectives on technological literacy, it is clear that 
boundaries of the field are frizzy aiKl there is no agreement on 
hov to define the technological literacy and hence, to identify 
the institutions offering technological literacy to individuals. 
As^le evidence of this is the growth of diversified prograas and 
the large volume of research and articles produced in the last 
decade under the title technological literacy, y^iLdtx can only be 
identified remotely with technological literacy objectives. 

It can be argued that academic programs serve many purposes. 
Bur the aim of the technological literacy movement is to ia^art 
technological literacy to liberal arts or humanities majors. 
However, the STS movement focuses on onrichix^ tto education of 
engineering/science students with Imowledge about the historical, 
social, ai^ political diamnsions of technology. The underlying 
assumptions of these programs may be that we cannot sepcurate the 
technological literacy and s^ial aspects of technology. 

In spite of pedagogical activities over the last two 
decades, little has been done in a systematic way in the 
technological literacy field. 

Furthermore, from a review of prooram experiences and 
observations made by faculty involved in technological literacy 
curricula, a mamber of serious problems can be identified that 
deserve further study and improvement. Some of the major issues 
are discussed below. 

Science/technological literacy curriculum is unrelated to degree 
granting. 

In most cases the courses have been added to a list of 
traditional course offerings, rather than integrated into a 
degree program. As such, science and technology courses for 
liberal arts majors depend upon attracting students with popular 
subjects and flexibility in degree requirements. Students select 
science and technology courses at random, and this has several 
implications: 1) the courses are poorly integrated, resulting in 
a survey of science, technology and society issues? 2} the 
courses can have little relation to the student's degree; 3} the 
courses stay on an introductory level, avoiding in depth 
Investigation or thinking; 4) no specific number of courses are 
required, and therefore, evaluating literacy is impossible; 5} 
courses are based on an individual instructor's area of 
science/ technology interest, and are thus often narrowly focused; 
6} courses are unrelated to the stiidents' standing, lower or 
upper level. 
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Science and technology crograns for liberal arts maiers are 
satellitaa in the institution's organizational atruetoire. 



If science and technology programs aare not integrate into 
the organizational hierarchy, several consequences are possible: 
1} the intellectual contribution of the program to the 
institution is marginal; 2} few take the program seriously; 3} 
the decision maJcing process disregards the program and can 
undermine the legitimacy and purpose of science and technology 
courses for liberal arts students. 

What it means to be interdisciplinary and what qualities 
instructors should have are poorlv understood. 

Faculty members often must be re-educated in ozrder to 
effectively communicate with students from various degree tracks 
or their colleagues in the program. In addition, teaching 
materials must be processed to integrate the ideas, concepts, and 
skills necessary for science/technology curricula. Program 
faculty must learn to coordinate and communicate across 
disciplinary lines. 

STUDY OBJgCTIVgS 

In order to answer various issues raised about the status of 
technological literacy programs, this study, supported by the 
National Science Foundation has the following main objectives: 

• To know the current status of technological literacy 
programs ; 

• To identify the principal objectives of these programs; 

To assess t^e extent to which these programs are training 
the students in the technological literacy field; 

To }cnow about the enrollment of students and the faculty 
members involved in these programs; 

• To know at what level technological literacy is imparted 
and; 

To identify the major probjlems faced and prospects for 
the future. 

METHODOLOGY 

Identifying the Programs 

To explore the various issues involved a general literature 
survey of the STS programs, seminar and workshop activities, and 
the research materials published in the field was carried out. 
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Based on the literature survey, major institutions involved in 
the STS field were identified. These institutions were aslced to 
send the infonaation related to STS progress offered by them. 
From the information received and the earlier literature survey, 
an acceptable definition of technological literacy was 
formulated. This intensive library research was conducted to 
identify colleges and universities that offer major or minor 
programs, or at least a few courses in the field. To maintain a 
focus on the technological literacy component, this study did not 
consider programs that can be identified as policy or scientific 
literacy oriented. The main emphasis tras also placed on colleges 
and universities that have both liberal arts and engineering 
schools on their caaqpus. Frtmi the library res ea rch and 
information received from the colleges and universities, twenty"- 
eight institutions involved in the technological literacy field 
were identified. Appendix 1 gives the list of the institutions 
and their major characteristics. 

Data Collection 

To collect the information about technol^ical literacy 
related programs, a questionnaire was preparei requesting 
information about the objectives, degrees offered, fields of 
study, credits required, student's strength, faculty and their 
academic bacJcground, areas of research interest, funding issues, 
publications, and futiire plans of the program. Questionnaires 
were mailed to the program coordinators of the twenty ^ight 
selected institutions. A sample copy of the program 
questionnaire is contained in Appendix 2. Of the twnety-eight 
programs, thirteen program heads completed and returned the 
questionnaire. Five program heads replied that either they had 
withdrawn their programs, or that they do not come under the 
scope of technological literacy programs. 

The information asked in the questionnaire was classified 
into various headings as follows: 1} Origin and organizational 
structure; 2} Program objectives; 3} Academic programs offered; 
4) student and faculty participation; S) Funding issues and; 6) 
Areas of research concern. Since the collected data has a 
significant portion of descriptive information, the data were not 
coded and tabulations were done manually. The following 
discussion focuses on the analysis of the data by subject 
headings as discussed above. 

Obleetivas of Programs 

In spite of the diversity among the programs in 
organizational structure, courses offered, student and faculty 
involvement, and research conducted, there is considezisUsle 
similarity among them in terms of their stated objectives. 
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However, soise universities have broad based objectives liXe 
providing and/or examining social, economic, political, 
pbilosopihical, and environmental aspects of technological 
developments, vhile some others have sharply focused ^jectives 
liJce providing quantitative, problem-solving, aiM technological 
literacy skills to its students. A critical examination of the 
various program objectives indicates three main overlapping 
objectives. They are: 

• To study and examine the social, economic, and political 
is^lications of technological developments; 

• To understand the ethical, and value dimensions and ideas 
involved in science, technology and society; 

• To promote an understanding of concepts, processes, and 
products of technological developments and to enhance the 
quantitative and problem-solving capabilities to 
understand and evaluate the impacts of new technological 
developments. 

At this stage it is important to rec^rnize the fact that the 
last objective is considered to be the main focus of the 
technological literacy movement. However, most of the programs 
surveyed heavily emphasize the first two ^jectives, and some 
even do not include the third objective in their programs. 
Nonetheless, some of the liberal arts colleges, such as Grinnel 
College and Wellesley College that received large grants from the 
Sloan Foundation under the New Liberal Arts program have very 
sharply focused technological literacy objectives. ThB main 
objective of Sloan's New Liberal Arts program is to include some 
kind of study of technology and the technological process into 
liberal arts education. 

Origin and Oroanigational Structure 

It is interesting to note that the major universities have 
been the first to recognize the importance of science and 
technological literacy and also to establish programs broadly 
titled ** science technology and society" (STS) . within the study 
group, Cornell University's program for studies of science and 
technology, established in the year 1969, was the first in the 
leading American universities. This was followed by Pennsylvania 
state University in 1970, Stanford University in 1971, SUNY in 
1972, and Lehigh University in 1972. NJIT established a program 
as early as 1977, but later it was modified, and a new version 
was started in the year 1987. In addition, there were several 
liberal arts colleges that established science and technology 
studies programs in the early 1980s and later years. Unlike the 
major universities, most of the liberal arts colleges introduced 
technological literacy courses or programs with the help of major 
NLA program grants from the Sloan Foundation. 
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The organizational structure of the pregraas olearXy 
indicates the broad scope and interdisciplinary nature of STS 
programs. Most of the prograa» established in the early 1970s 
are now independent prograas/departseats* Bowever, STS programs 
at some colleges and universities are jointly offered by two or 
more traditional deparlaaents. Furtheraore, some programs are 
hous^ in es^ineering departments (as in Lafayette College), 
while others are housed in history d^^Murtaents (as in Bead 
College). STS prograas at most of the small colleges are part of 
the existing traditional departments and are headed by a faculty 
in the regular department. 

AcadMd.o Proqraaa and oyient&tien 

With respect to the academic prograas offered, there is a 
wide gap among the various institutions surveyed. Some of the 
universities offer the highest possible degree, that is the 
Ph.D., while some others have only a few courses listed under the 
program for students from other traditional departments. Based 
on the objectives of the individual prograas, sobs offer social 
science degirees, some science, and soro others even engineering 
degrees. 

Irrespective of the above differences, a few institutions 
(for example, Rensselaer Polytechnic Institute) focuses on 
ethical and value issues in their programs. Most other prograsis 
emphasize the social, historical, aiKi political aspects of 
technology, and only a few have courses that can be exclusively 
identified as technological literacsy orients. The majority of 
the courses offered at all levels have less technological 
literacy craqsonent in them. It may be surprisii^ to note that 
some courses developed for liberal eurts students are now enrolled 
in by engineering students. Some prograas offer STS degases for 
engineering majors. This may indicate the need for engineers 
with additional skills to deal with various aspects of new 
technology. Similarly, social science bas^ programs may serve 
as a technical complement to the incareasing influence of science 
and technology on all aspects of hiiman life. Bowever, the 
majority of the courses/programs %rers develop^l to cater to the 
increasing needs of liberal arts students. 

Science and technology studies at Rensselaer Polytechnic 
Institute is the only program that offers degrees in STS from the 
baccalaureate to the doctoral level. Bowever, this program is 
designed for students who have academic backgrounds in such broad 
areas like natural sciences, social sciences, engineering, 
humanities, or science and technolc^ studies. Furthermore, as 
pointed out earlier, this program has a strong emphasis on the 
ethical, value, and political dimensions of technological 
development. 
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The STS program at Pennsylvania State University offers an 
imdergraduate minor as well as a doctoral degree. Introduction 
of a bachelors degree in STS in the next two years is in the 
planning stages. 

Other major universities, namely, Cornell University, 
Stanford University, Lehigh University and MJIT offer 
undergraduate degrees in the STS field. However, individual 
programs focus on diversified issues like biology and society, 
history and philosophical aspects, and human values in 
technological development. In addition to the above; Cornell 
has an undergraduate concentration in STS, Lehigh has an STS 
minor, Stanford has a Ph.D. degree offered through regular 
departments, and NJIT has an M.S. policy studies listed under its 
STS program. 

SUNY offers an M.S. degree in Technological Systems 
Management and a minor in Technology and Society, as well as 
exclusive courses that can be identified as technological 
literacy oriented. SUNY*s department of Technology and Society, 
through its NIA Center, devotes a significant portion of its 
academic activities to technological literacy curriculum 
development. 

Other colleges, namely, Lafayette, Grinnel, and Colby 
College have minor programs in science and technology studies. 
Dartmouth and Wellesley Colleges offer only a few courses in STS 
as part of their undergraduate curriculum. 

The total credits required at various institutes for 
bachelors degree varies from 72 to 124 with the average being 110 
credits. An average of twenty-seven core credits are required 
for a bachelors degree. For minor programs at the undergraduate 
level, an average of eighteen credits are required in the various 
institutions surveyed. Most of the programs surveyed encourage 
their students to take courses in other departments to fulfill 
the degree requirements. 

student and Faculty Participation 

Unlike the traditional programs, fewer students are enrolled 
in STS programs at various colleges and universities. Only SUNY, 
NJIT, Stanford, and Cornell universities have a relatively large 
number of students enrolled in major programs. During 1990, 
forty-seven students enrolled in the BA program at Cornell, 
twenty-four at NJIT, and twenty-five at Rennselaer Polytechnic 
Institute. SUNY had the highest number (120 students) enrolled 
in its Master's program in the year 1990. However, the total 
number of students enrolled in one or more of the technological 
literacy related courses is significant even when compared with 
the total university strength. For example, at Lehigh 
University, out of a total of 6,500 students, approximately 1,000 
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are enrolled in technological literacy relat»l courses. At 
Rensselaer Polytechnic Institute, 2,000 out of 5,500 students are 
enrolled in these technological literacy related courses. Other 
saall colleges liXe Lafayette and Grinnel have less than ten 
students in their prograns. 

Due to the interdisciplinary aT«d interdepartmental nature of 
the STS prograas, the total nunber of faculty involved in 
teaching ax^ research is difficult to ascertain. Bowever, trcm 
the analysis it is clear that no prograa has sore than six full- 
tiae faculty senbers based in the prograa. SUNT has the largest 
nuDber, followed by Stanford and Pennsylvania State University 
with faculty nuabers six, five, and four respectively. In teras 
of total faculty (full-tiae + Joint) , Pennsylvania State 
University has aore than 54 faculty followed by Lehigh University 
with forty and Stanford University with twenty. 

Funding Isauaa 

Of all the prograas stirveyed, SUNY has the largest budget 
which is $1.5 million, followed by Cornell University with $0.75 
million, and Pennsylvania State University with $0.5 nillion. 
MJIT, Hellesley, Grinnel and Colby Colleges have funding levels 
less than $150 thousand. 

Except for Wellesley College (75%) , most of the prograas 
receive less than 50% of its grants frcsD outside souirces. SUNY 
receives 40% of its grants from non-profit organizations. It is 
interesting to note that most of the prograas responded that it 
will be possible for the departaent/prograa to continue all 
essential activities even if the external funding sources are 
withdrawn. However, major programs like SUNY and Pennsylvania 
State University felt that it is not possible to continue all of 
their essential activities without external funding. 

Areas of Research Interest 

Research interests of the prograas surveyed can be aainly 
classified into four different areas. They are: 1) 
Energy/environmental policy; 2) Historical/social aspects of 
science/technology; 3) Ethical and value issues in 
science/technology and; 4) Communications. 

Cornell University, NJIT, and Lafayette College focuses on 
all of the above four identified areas. Most other colleges have 
research interests in historical/social aspects of science auid 
technology. Besides the philosophical and policy aspects of 
technology, Pennsylvania State University focuses on technology 
literacy for citizens. Similarly SUNY is engaged in research 
activities leading to curriculum development in the technol6gical 
literacy field. 
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Today, the istportance of technology in the daily lives of 
individuals and in society is groving at a rapid rate. In a 
world already reshaped over recent decades by nuclear weapons, 
nev technologies of transportation and communication, and a host 
of innovations in agriculture, medicine, and many other fields, 
the pace of change gives no sign of slackening. The capabilities 
of our political, social, and economic institutions will be 
limited if a large portion of its citizenry are not atrare of the 
implications of these changes. 

After two decades of technological literacy activities, 
several colleges and universities are now offering teaching and 
research programs to a wide range of individuals. Mo course or 
progrsun can boast success unless it fulfills the needs of its 
students in particular, and society in general. Even though 
there is no single institution that has technological literacy as 
its only objective, most of the programs* objectives overlap into 
this area. It is clear that the whole technological literacy 
field is embedded into loosely identified "science, technology 
and society" (STS) curricula and programs. This study was 
conducted with the hope that a critical examination of STS 
curricula and programs along with other related courses and 
programs at various universities in the United States will help 
to identify the progress iDade, problems ahead, and fut\u:e 
prospects for technological literacy programs. The major 
findings of the study are summarized below. 

This study clearly indicates the wide reinge of institutions 
involved and the diversity of science and technological literacy 
programs offered by them. Even though a broad title like 
"science, technology and society" (STS) does not place eiqphasis 
on any one area of concern, the individual programs siuveyed have 
placed heavy emphasis on science literacy, as well as, on the 
social, historical, and political implications of technological 
developments. Though the importance of science and technology 
was equally recognized in the early 1970s and 1980s, even after 
two decades, technological literacy has not received the same 
emphasis as scientific literacy. If technological literacy 
involves an understanding of technological systems, processes to 
make well-informed decisions and choices about technological 
issues, than most of the programs surveyed, to a large extent, do 
not fulfill this objective. An understanding of social, 
historical, or philosophical aspects of technology without an 
understanding of mathematical and scientific foundations of 
technology does not contribute to the technological literacy of 
an individual. 

If technological literacy is mainly for liberal arts 
students, then most of the programs surveyed offer little 
opportunity in this direction. Because of the small number of 
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students involved in these prograas, it clearly indicates that 
there is a need to increase the nuaber of courses and prograas 
offers in this field. An examination of faculty involvenent 
clearly indicates the need for greater participation by 
engineering faculty at all of the institutions surveyed. 
Although funding from eictemal sources appears to be a problem, 
most of the programs depend on university or state funding. 

Based on the present study, the following recommendations 
can be made: 

• There is an urgent need to recognize technological 
literacy as a field and to clearly define its objectives. 

• To enhance the quality and quantity of the technological 
literacy component , new courses and programs that have a 
very sharp focus may be develo£>ed. 

• There is a need to restructure the existing programs that 
have broad and overlapping objectives. 

• Technological literacy co\u:ses might best te introduced 
at the undergraduate level in the liberal a:rts program. 

• As far as possible, technological literacy programs that 
have a sharp focus need to be housed in engineering 
schools. This not only helps to focus, but also 
encotirages faculty participation fxrom engineering 
schools. 

• Wherever possible, faculty from engineering schools 
should actively participate in the interdisciplinary STS 
programs to have a greater impact on the technological 
literacy component. 

• There is an immediate need to identify new areas of 
research along with differentiating uhe technological 
literacy areas of research from the current areas of 
research. This helps to identify and strengthen 
technological literacy as a field. 

• External funding sources need to be explored in order to 
have practical implications of the technological literacy 
field. 

• To encourage student participation, incentives in the 
form of assistantships at the graduate level or 
scholarships at the undergraduate level, need to be 
provided. 
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Tabl9 1 ; Pfgqrams and their Major Cr 



College/University Department/ Degrees Reld Areas of Roseau^ 

Program Offier^ 



I.Cc^Cotoge 



2. Com0fi Universdy 



3. DartmoiAh Co^qb 

4. Grirmall Coildga 

6. Leh^h Urwe/sity 



tedtmlogy 
STB 



studies 
STB 



BAas 



Few courses 
Mffor 



BA 

mmor 



Sctof^e 
and tnK^, 
s&^^ 

Biotogy 

sod^ 



Technology 
sf lilies 



STS 



1. CoiTYMJteraictod mu^ 

Kfetc^ of 8ci^^ 
3. Kfetuy of techroh^n^ 

1 . ^rici^re and 80Q^ 

2. Ettriciri tesi^ in sc^K^^echnok^ 

3. mgnt otkJ amimunica&^ 

4. S^rce ^ tedvK^ogy policy 

5. So^ studio of sciancaAwhnobgy 



1 , TechiHtegy ttrmsf er 

2. T^ocmmuni^bf^ 

1. Energy policy 

2. Er^yineering etiiia 

3. RMc mafysis oommunications 

1 . Hmtofy/ phik^opi^ d sctome^ech. 

2. Socbtogy^lMcs d 8derK?^tedi. 



7, NJIT 



STS 



8. Penreyhrania Stale 
University 



9. Reed Cottege 



10. Rensselaer 
Poiytechnfc 
institute 



1 1 . Stanford University 



12. SUNY 



13. WeOesiey 



STB 



History 
d^Hutment 

Science and 

technology 

stiK^es 



BS 
MS 



Mrar 
Ph.D 

Few courses 



BS 

m/Ms 

PhD 



Values, technology BA/BS 
science and 



Te<:^nok^ 
and Scx^ety 



Technolc^ 
studies 



MS 



STB 1 . Communicatbms 
Poik:y studies 2. EnvHwmient^ pofcy 

3. Ethics 

4. Hi^ory of techr^togy 

5. Media and technology 



STB 
STS 
STB 



1 . Phik>s(^y of techndogy 

2. TechrKtogy fiten^ for citizens 

3. Techr^^ogy policy 



STS 1. History of scierm and t^r^logy 
STS 2. Pubfe: policy 
STS 3. Rjlitics of STS 

4. Sc^mepo^ 

5. Values stuliw 

STS 1. Hi^oryof ted)m>t^ 

2. Phflc^>|:rii'^ arKi ^i»l i^ies 

3. T^n(^>^ and awthetk:s 

4. Techrobgy and third world develop. 

T ax) S 1 , Cunlculym devek^>mmt 
Tecl^bgical 2. Edt^atbnaJ oomputk^ 

^ems 3* Enybt>nmenti^ and w^e n^nL 
managemmt 4. TMhmHogy ass^^mw^ 



Few courses — 



ERLC 
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DIVERSITY DELAUARE 
neMTk, K 19716 



ii Program Infortnationg 

1. name of the unfversity/ccliet^ 

2. Name of the department /^"ogran 

3. Address of the prograo 



^. Name of the ctepartisent/program head 

S* Name of the person completing this questionnaire ^ 

6- When ms the departiaent/prograa started 

7. Mhat are the goals and inject ives of your progrss? 



8. What degree (toes your program offer? 



1 

1 Degree 


FJeld 


Total Credits 
Required 


Total Credits 
Required in 
T^hr»logy 

literacy 

Related 

Courses 


Credits of 
Rec^ired Core 
Courses If Any 


1 

Year the Program 
Ites Started 


BA/BS 













MA/MS 




1 1 — 

! 

t 






Ph.D. 




^ J ^ 

\ 






Others 
(Please 
Specify) 




— r ' 

i 

i 

1 
I 
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9. Now tmnf tedmotc^fcal Ifrnwy rttated wursw are Usted in your dq j af t«w t/prograaff 
(Includfr^ Ci^e, electlves} 



10. Miat are the adoission rec^lreoents of yw p^ograa? 



1 Degree 

1 


Retired Degree 


Ffeld 


CPA 


Other 
Requirwents 
If Any 


BA/BS 










MA/ MS 










Ph.D. 










Others 

(Ple^e 

Specify) 








i 



11. Wiat ere the future plarw of your cfaspsrtisent/pr^ram? CPtfifise indicate the new courses 
plamed, programs {la^oposed, end changes In the existing f^egraos*} 



IK Sti^t Information; 

1. What ms the proximate total ewollment of the diversity Airing the na^fc year 1M8-89? 

8A/BS Ph.D. 

MVHS Other Courses 



2. How m&ny stuctents are enrolled in ywir f^ogrm? 



r— 

{ rear 


I 

f.T. 

! 


^BS 
P.T. 


NA. 
F.T. 


m 

P.T. 


J 

Ph 

F.T. 


.0. 

P.T. 


Other o 
F.T. 


surses 
P.T. 




! 










































































































1 


_, „.j 








1 


1 





F.T.: FuU-tfme P.T.: Psrt-tine 
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S. What percentage of appii cants for your degree p-ogrMs are general ly Kcepted for adnission? 
XSBC ^ ^^egpted 

1988 

mz 

4. Plene indicate the ru^sr of students with undergraAate degrees in the foU<»*ii« fields: 



Field 




Ph.D. 








Social ScfoncM 




V 


Natural Sciences 






Miysieal Sciences 







I Engineering 

j 

Others 



H!, faeuitv Inforaation: 

1. Uhat the minber of f^tty at the beginning of the |m)gr«o7 

Full-time Research faculty 

Joint faculty Others 



2. Please indicate the rejnber mi discipline of the faoilty Irwolved 
in the program Airing the 1989-90 ac^emic year. 



Qualification 


Full 


'time 


Joint-faculty 


KesMrch fMulty 


Others 1 






Hon-Ei^r. 




Non-E/^r. 


Cngr. 


Non-Ei^r. 


Ei^r. 


Hw-Engr. j 


Masters 

— . i 


















Doctorate 
















1 



1SZ 
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1. tfiat Is ttm asrrmt bu^t of the (kpartmnt/i^^m? 

2. Wiat percent^ cooes f roo outsicte grmts/controets? 

3. Please Indicate the percentage of exterrat fun^ fron each of the foilmfi^ purees: 

State ^ Profit OrsMfsetion _____ Other .,„.„^________ 

(Please teecffv^ 

Federal Uon-fanfix Organizatim 



4. WUl it be possible for the t^rtraent/progrw to cwitirwe all essential activities if the 
external fundii^ sowcm are vfth^awn? 

Tes No 



So Please indicate the total rwber of stuctents financially suppc^ted by your progran during the 
acadeafc year 1989-90. 



Type of Support 


j SA/6S 






full assistance j 






Partial a^istwice | 
(Tuition Si^sport) j 

, i ~ 






Mo assistance { 







6. Do you expect there to be a significant irwrease in student financial si^port in the following 
years? 

Yes No 

V. Research Act ivi ties; 

1. Please Indicate the number of faculty involved in technological literacy related research 
activities. 

Full -tine Research faculty 

Joint-faculty Others 

2. Please list the major areas of research interest in the tepartaent/program. 

1. 

2. 

3. 

4. 

5. 
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3. What was the total damunt spent on r^earch MtivUits dtf^ing the year 1^-89? 

Do you expeet a substmtlal increrae in the research functe in the foilwif« years? 
Yes No 

5. Please list the oajor research grants received ckjring the Kadesic yMr 1989-90. 



V!, fiubtfeationr 

1. Please list the faculty pt^lications during the l^-W wr^iesic year in the technological 
literacy field. {Attach additiwtai sheets if necessary) 



1 

Title 


Faculty 
(Author) 


1 '■ ' ■ - " " 1 

toirce of Pi^l {cation 
(tlourr»l, publisher etc«) 












; — . , 
















' ■' - ■ 1 










i 

1 







2, Does your program have any regular pHibllcatjons siah as newsletters, magazines, etc.? 
Tes No 

If yes, please list them by titte. 



3. Does your program nsintain any special coilecti^rs, libraries or other resources relating to 
these fielcfe of stu^? (Please describe). 
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NIA WRITTEN MATERIALS 



The New LiJ>eral Arts (NIA) Prograa of the Alfred P. Sloan 
Foundation has the goal of assisting in the introduction of 
quantitative reasoning and cono^ts of i&odem technology within 
liberal education. The prograa is hased on the conviction that 
college graduates should have been introduced to both areas if 
they are to live in the social laainstreaa and s^rticipate in the 
resolution of policy issues. 

The Sloem FouxKlation aade major grants under the NIA Program 
to thirty-six colleges and eleven universities to conduct 
seadnars and workshops, and for the develo^ent of curriculua 
materials. The Fotindation believed that the success of the New 
Liberal Arts Program would ultimately depend upon the 
availability of %rritten materials to serve as cturriculum 
materials for new courses. 

Grants were given to faculty at Princeton, Stony Brook, and 
other schools, to prepare monograj^ frma their courses. These 
monographs were intended to present a few case studies or to make 
a presentation of specific technological conc^ts of themes. 
Other faculty mffisbers who had developed successful new liberal 
arts courses began to prepare textbooks. Eventually, the 
Foundation worked with MIT Press and the McGraw Hill Publishing 
Company to publish a series of books on the New Liberal Arts. A 
review of textbooks published ui^er the NLA Program can be found 
in the annotated bibliography section of this report. 

A listing of monographs published under NIA support follows. 
Those with greatest applicability in technological literacy 
programs are reviewed. NLA monographs are available from the 
Research Foundation of the State University of New York, Stony 
Brook, NY 11794. Also following is a listing of extended syllabi 
available through the NLA program. 

1. Alfonso N. Albano, William Case and Newton H. Copp. Forces 
and Forms in Large Structures. Bryn Mawr College, Grinnell 
College and the Claremont Colleges respectively, 1990. 122 
pages . 

This monograph introduces the basic techniques used by 
structural engineers in the analysis and design of bridges. 
Part One presents the design concepts such as stress, 
strain, bending moment, and shear force in experimental 
form. Application of these concepts in the design of the 
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Eiffel Tower and the George Washington Bridge are discussed. 
Included are a number of exercises for the students to solve 
in order to understand the design of Salginatcdt>el Bridge. 
Part Two is a structural study of the Felsenau and Canter 
Bridges. In addition to analysis of forces it gives 
historical diaensions in the design of concrete bridges. 
Part Three discusses the need for freeways and introduces 
the basic principles of design such as various loading 
conditions, bending Boaents at various sections, and 
prestressing. 

All sections of the aonograph are presented with 
diagrams and photographs of the various structures 
discussed. It is a very useful voluro for the introduction 
of the basic principles of design and the challenges faced 
by engineers in the design of bridges. 

2. David E. Henderson. Air Pollution and Risk Analysis. 
Trinity College, 1990. 103 pages. 

3. David P. Billington and Alfonso M. Albano. Episodes in 

Princeton University and Bryn Mawr College, 1990. 81 pages. 

Presents the technical and scientific view of the 
steamboat and the tel^praph in the early years, and the 
major roles they played in transforming the nation into a 
technological society. The first part focuses on the 
historical developments of the steam!K>at, from the 1780s to 
the 1820s, as an engineering object. Some basic ideas about 
reciprocating engines, horsepower, boiler explosions, and 
motion of the ships through the water are also presented. 
The second part of the monograph presents the development of 
the telegraph. A major portion is devoted to topics like 
Volta' batteries, Ohm's law. Oersted's experiments, and 
Henry's works on electromagnets and telegraphs. It also 
evaluates the social impact of this invention. 

4. John G. Truxal. FeedBack Automation. SUNY at Stony Brook, 
1989. 84 pages. 

This monograph introduces the concept of feedback and 
its applications in automation. It describes how engineers 
use feedback to force the system to behave in the desired 
way. Some of the examples used to illustrate fe«iback 
include the control of tunnel traffic and the economic 
system. Another section presents historical perspectives on 
the development of feedback. Also included is the 
application of feedback in cases like the cardiac pacemaker 
and in supermarket automation. A number of problenus from 
all walks of life is also included in the monograph as part 
of student exercises. 
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5. John 6. Truxal. Probability Examples. SUNY at Stony Brook, 
1989. 87 pages. 

6. Jonathan Hallstroa and George B. Todd. H ypercoustics! An 
Introduction to Sound and its Digital Representations. 
Colby College and Niddlebiury College, 1990. (Only In 
diskette form (2 diskettes) . 

7. Joseph D. Bronzino and Ralph A. Rorelli. Knowledge Based 
^"Tt ffYlfftmi' Trinity College, 1989. 122 pages. 

This module presents the basic concepts underlying the 
field of artificial intelligence, and highlights the 
techniques ^ployed in the development of knovledge-based 
expert systems. It provides a brief history of AI evolution 
and discusses the three major branches within it. A major 
portion of the monograph deals with organization of expert 
systems, their impact in commercial, scientific, a»dical, 
and industrial domains, knowledge representation ai^roaches, 
and the knowledge engineering process. Finally, it 
addresses the advantages and disadvantages in the use of 
expert systems. 

8. Kirk Jeffrey. Pacing the Heart . Carleton College, 1991. 
116 pages. 

9. Marian Visich, Jr. Bar Codes and Their Applications. SUNY 
at stony Brook, 1990. 56 pages. 

This monograph presents the development of the six most 
popular bar code symbologies. In particular, it deals with 
bar code symbols, their applications, and working principle 
of optical scanners. Brief descriptions of Hand Scanners, 
Fixed Beam Scanners, and Moving Beam Scanners are also 
included. The six bar codes covered in this module are 
Universal Product Code, European Article Numbering, 
Interleaved Two of Five Code, Three of Nine Code, Codabar 
and the United States Postal Service Code. 

10. Morton Tavel. Information Theory . Vassar College, 1989. 
54 pages. 

11. Newton Copp. Vaccines ; An introduction to Risk. Claremont 

Colleges, 1989. 78 pages. 

12. Newton H. Copp and Andrew W. Zanella. The Electrification 

|>p? Ay^g^l^s; Encrlneerlnq, Science, and History. The 

Claremont colleges, 1990. 84 pages. 

This is a case study of technologies introduced in Los 
Angeles between the 1880s and the middle of the twentieth 
century to provide electricity for the growing population of 
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that city. Specific fossil fuel-povered plants and 
hydropower plants are selected and studied for their 
historical and technical significance. 

This Bonograph introduces selected scientific 
principles associated with aajor technological advances in 
electric pover production. In particular, it deals with 
different forms of energy, concepts of power and efficiency 
laws of notion, laws of theraodynaaics , and a general 
description of steaa engines, generators, and turbines. A 
discussion about the search for alternative energy sources 
presents the key issues such as recent advances in science 
and engineering, the abundance and limitations of energy 
sources, and our value system. An interesting feature of 
the monograph is a list of visual materials available to 
support the lectures. 

13. Vincent H. Smith. The Econoinics of Technology. Montana 
State University, 1990. 125 pages. 

14. Victor A. Stanionis and Hugh Berberich. Computer Music; 
Sgjgngg and T^ChffPlPqy 9t ^ ygw Art. lona college, 1989. 
114 pages. 

15. Warren Rosenberg. End stage Renal Disease. Zona College, 
1990. 84 pages. 



EXTENDED SYLLABI 

Arthur Steinberg and Christopher Craig. "Technologies and 
Cultures: Technologies in Historical Perspective." 
Massachusetts Institute of Technology. 

David H. Roberts. "Introductory Astronomy." Brandeis 
University. 

Donna Jo Napoli. "Phonetics and Phonology." Swarthmore College 

Edward W. Sloan. "The Shock of the Machine: Technology and 
Western Culture in the Industrial Age." Trinity College. 

Harriet Pollatsek and Robert Schwartz. "Case Studies in 
Quantitative Reasoning: An Interdisciplinary Course." Mount 
Molyoke College. 

Haim H. Bau. "Introduction to Technological Concepts Through 
Kitchen Experiments." University of Pennsylvania. 

Jack S. Goldstein. "Technology and the Management of Public 
Risk." Brandeis University. 
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John Tonsich. "Technology in Aaerica, 1820 to the Present: Its 
Developments, Social Shape and its Effects." Reed College. 

John P. BrocJcvay. "Bioengineering and Health Technology: An 
Interdisciplinary Approach to Five Machines of Medicine. 
Davidson College. 

Lyle H. Ungar. "Expert Systems: Applications of Artificial 
Intelligence." University of Pennsylvania. 

Lawrence J. Kaplan. "Chemistry and Crime: From Sherlock Holmes 
to Modem Forensic Science." Williams College. 

Michael S. Mahoney. "Technologies and Their Societies: 
Historical Perspectives." Princeton University. 

Solomon R. Pollack. "World of Bioengineering: A Top Down View 
of Engineering for Freshmen." University of Pennsylvania. 

Victor A. stanionis. "Commercial Systffiss: An Interdisciplinary 
Approacn to Teaching Science and Technology to Business Students, 
lona College. 



*For more NLA course syllabi, please refer to the list of the NLA 
course syllabi published by Stony Brook Center. 
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TECHWOIX>GICAL LITER ACY PROCa^AMS. ISSUES AND P1»SPECTS 



AdeuBs, David L. et. al. "Science, Technology and HUsan Values: 
An Intextiisciplinary Approach to Science Education* ** 
Journal of College Science Teaching. 15 (February 1986) : 
254-258. 

Association of American Colleges. **Science and Technology 
Education for Civic and Professional Zdfe: The 
Undergraduate Years." Racine, Wisconsin: Hingspread 
Conference, Jime 1982. 

Baron, Naoai S. "Computers and Carburetors: Hie New Cognitive 
Dissonance." Bulletin of Science. Technology & Society. 8 
(No. 4, 1988): 390-396. 

Bauman, M. Garrett. "Liberal Arts for the Twenty-First Century . " 
The Journal of Higher Education. 58 (January-February 
1987): 38-45. 

Billington, David P. "Structures and Machines in Urban Society." 
Weaver of Information and Perspectives on Technological 
Literacy. 4 (Fall 1985): 2-3. 

Boyer, Carol M. and Andrew Ahlgren. "Assessing Undergraduates' 
Patterns of Credit Distribution." Journal of Higher 
Education 58 (July-August 1987): 430 441. 

Bugliarello, George. "The Science-Tschnology-Society Matrix." 

Bulletin of Science. Technology & Society. 8 (No. 2, 1988): 
125. 

. "Empowering citizens Through Technological 

Literacy. Bulletin of Science. Techno lcov & Society . 10 
(No. 4, 1990): 187-190. 

Casaregola, Vincent. "Literacy, Technology, and "Kediacy" — 
Redefining Our Terms for a Post-Liter?.! Age." Bulletin of 
Science. Technolog y & Society . 8 (No. 4, 1988): 378-383. 

Cheney, Lynne V. "Humanities in America." Washincrton, D.C.: 
National Endowment for the Htamanities. September 1988. 

Clinton, William. "The Common Agenda: Liberating Undreamed of 
Talent." Journal of State Government 60 (No. 2, March-April 
1937): 61-63. 

Conference on the State of Science. Technolo gy and Society . 

Worcester, Massachusetts: Worcester Polytechnic Institute, 
November 1987. 
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Council for the Understanding of Technology in Huaan Affairs. 
**Technology for the Liberal Arts Students.** BfiBSCfe 
Presented at the »»Curriculuin Workshop." College Park, 
Maryland: University of Maryland, June 1982. 

cutcliffe, Stephen H. and Steven L. Goldaan. "Science, 

Tecdmology and the Liberal Arts." Science. Technoloov and 
Hunan Values. 10 (Winter 1985) : 80-87, 

"Technology Studies and the Liberal Arts 

at Lehigh University." Bulletin of Science. Technology & 
Sacifity. 7 (Nos. l & 2. 1987): 42-48. 

Daugs, Donald R. "Technology Process Skills." Bulletin of 

Science. Technolocrv & Society. 10 (No. 4, 1990): 197-200. 

Deloughry, Thomas J. "Study of Transcripts Finds Little 
Structure in the Liberal Arts." Qironicle of Higher 
Etosaiy^. 18 (January 1989): p. Al. 

DeVore, Paul W. "Measuring Technological Literacy: Problems and 
Issues." Bulletin of Science. Technology & Society. 6 
(Nos. 2 & 3. 1986): 202-209. 

Dunathan, Harmon et. al. "Discourse Science Instruction." 
Liberal Education . 74 (No. 2, 1988): 23-31. 

Dupuis, Mary M. "Reading, Thinking, and STS." Bulletin of 

Science. Technology & Society. 8 (No. 5, 1988): 490-497. 

Fallow, A. "Levitating Trains and Kamikaze Genes-Technological 
Literacy for the 1990s." Smithsonian. 2X (No. 2, 1990): 
153-155. 

Founders' Weekend: Proceedi ngs of the North Country Workshop on 
Science. Technology and the Undergraduate Curriculum. 
Potsdam, New York: State University of New York at Potsdam, 
November 1984. 

Goldberg, Samuel. "The Sloan Foundation's New Liberal Arts 
Program." Change . 18 (March-April 198G) : 14-19. 

Kanigel, Robert. "Technology as a Liberal Art: Scenes from the 
Classroom." Chance . 18 {March-April 1986): 20-27. 

Koemer, James D. editor. "The New Liberal Arts: An Exchange of 
views." New York: Alfred P. Sloan Foundation. 1981. 

Lindauer, George and Joseph Hagerty. "Technology and Society - 
An Upper Level Course." Engineering Education. 74 (April 
O i :-668. 
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Logsdan, To». "Future Technology: Its Effects on You." Vital 
Speeches . 53 (No. 23, Septenber 1987): 716-722. 

Lubbers, Janes D. "Using STS as an Advance Organiser in Pre- 
Service Bleaentary Methods." Bulletin of science. 
TechnolooY & Society. 8 (No. 5, 1988): 503-504. 

Hathetrs, John et. al. "Towards Flexible S3d.ll Fomation and 
Technological Literacy: Challei^es Facing the Education 
System." Economic and Industrial Dmnocracv fUK^ . 9 (No. 4, 
November 1988): 497-522. 

Miller, John D. "Technological Literacy: Some Concepts and 

Measures." Bulletin of Science. Technology & Society. 6 
(Nos. 2 & 3, 1986): 195-201. 

Moss, Jerome et. al. "Forum on Technology Education Curriculum." 
Journal of Epsilon Pi Tau. 13 (Winter/Spring 1987) : 40-66. 

Murchland, Bernard. "Citizenship in a Technological Society: 

Problems and Possibilities." Journal of Teacher Education. 
34 (November-December 1983): 21-24. 

O'Connor, John E. editor. "The Machine in the Garden State: 

Technological Literacy and STS Curriculum Development in New 

Jersey." Newark: »gw J^gY In^ttotQ Qt TffffhnQlfff?Y4. 
Center for Technolocrv Studies. 1988. 

Page, Ray et.al. "The School Council's 'Modular Courses in 

Technology' Project." Research in Science and Technological 
Education. 1 (No. 2, 1983): 239-245. 

Peterson, I. "Knowing Little About How Things Work." Science 
News . 22 (February 1986): 118. 

Prewitt, Kenneth. "Civic Education and Scientific Illiteracy." 
Journal of Teacher Education , 34 (November-December 1983) : 
17-20. 

Reaven, Sheldon J. "Using Science and Technology News Issues to 
Develop Scientific and Quantitative Literacy." Bulletin of 
Science, Technology & Society. 8 (No. 3, 1988): 265-268. 

Roy, Rustum. "The Science/Technology/Society Connection." 
Curriculum Review. 24 (Januazy-February 1985): 12-14. 

. "STS: Re-Inventing the University within 

the Multi-versity." Bulletin of Science. Technology & 
Society. 8 (No. 3, 1988): 253-254. 

. "Ten Years Young." Bulletin of Science. 

Technology & Society. 10 (No. 1, 1990): i-ii. 
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Rutherford, F. Janes. **STS - Here Today and ...?." Bulletin of 
gffdLgnffgf TftfflUnPlOcrY 9^ Sft<rJlgtY» S (No. 2, 1988} : 126. 

Segal, H.P. "The Several Ironies of Technological literacy 
(Educational standards and Idberal Arts) . " Michifmn 
Quarterly Reviev. 27 (No. 3, 1988): 448-453. 

Stonebarger, Bill. "The Learning Power Index." Bulletin of 

Science. Teehnoloov & Society. 8 (No. 5, 1988): 506-511. 

"The New Liberal Arts - Curriculum in Transition." Selected 
Conference Papers . (June 1984 through September 1985) . 
State University of New YorX, 1986. 

Tobias, Sheila. "Peer Perspectives on the Teaching of Science." 
Cbaoafi* is (March-April 1986): 36-42. 

Truxal, John 6. "Learning to Think Like an Engineer: Why, Khat, 
and How?." chance . 18 (March-J^ril 1986): 10-13. 

Waks, Leonard J. "Critical Theory and Curriculum Practice in STS 
Education. " Journal of Business Ethics fNetherlands) . 8 
(Nos. 2 & 3, February-March 1989): 201-207. 

Haks, Leonard J. and PraJcash Madhu-Suri. "STS Education and Its 
Three Step-Sisters." Bulletin of Science. Technology and 
Society . 5 (No. 2, 1985): 105-116. 

watkins, Beverly T. "Mixed Results Seen in Universities* Efforts 
to Reform Teacher Education." The Chronicle of Higher 
Education . 22 February 1989, p. A-13. 

Weaver^ Gary R. "Technology Studies in a Lil:eral Arts Context^." 
Bulletin of Science. Technology & Society. 7 (Nos. 1 & 2, 
1987): 55-60. 

Wiens, A. Emerson. "Technology and the Liberal Arts." 
Technology Teacher. 45 (November 1985): 13-14. 

Yehudit, J. Dori and Jerome M. Yochim. "Learning Patterns of 
College Students Using Intelligent Computer-Aided 
Instruction." Journal of College Science Teaching. 2 
(November 1990) : 99-103. 
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ANNCWTj^ypP BIBLICKSRAPHY OF S^I^wx^hu BOOKS 



The following is an annotated bibliography of selected books 
published recently and useful as ready references to the 
technological literacy field. The list incli»les all the boolcs so 
far published jointly by the MIT Press and MCGraw^Hill under the 
Sloan Foundation's Nov Liberal Arts ^^graa. Several of the 
bocJcs were written as part of the Science, Technology and Society 
(STS) move&ent and hence, approach their subject matter froB a 
broad interdisciplinary perspective. Richard P. Brennan*s book 
is particularly useful in providing a solid background in basic 
principles of science and technology. 



Brennan, Richard P. Levitating Trains and Kamikaze Genes. New 
York: John Wiley & Sons, 1990. 262 pages. 

Intended to provide technical knowledge, this tK>ok gives a 
solid background on basic technological concepts and systeas. It 
sets out to define what technical literacy is and explains basic 
concepts in space exploration, biotechnology, computer science, 
energy technology, and super conductivity^ It also explores 
innovations and concerns in medical, environmental, 
transpoxrtation, and defense technologies. One interesting 
feature of this volume is the wide range of issues covered, some 
of which are hard to find in the current technological literacy 
literature. This is very useful as a textbook for the 
understanding of basic principles of science and technology. 



Bronzino, Joseph D. , et.al. Medical Technology and Society: ^ 

Interdisciplinary Perspeutive. Cambridge: MIT Press, 1990. 571 
pages.* 

This book explains the technological base of some of the 
most important innovations in medical technology and discusses 
the economic and ethical issues associated with their development 
and use. 

It is divided into three parts. The first part deals with 
major technological, economic, and ethical issues associated with 
the changes t^at have taken place in the American health care 
system since rhe turn of the century. In particular, it deals 
with topics like how changing economic conditions, and federal 
and state programs affect development and adoption of new medical 
technologies. It also discusses cost-benefit analysis, 
assessment technicpies for social costs, and analysis of the types 
of moral arguments that surround debates concerning the use of 
new medical technologies. The second part of the book examines 
the specific areas of medical technology such as cardiovascular 
technology, critical care technologies, computers in health care 
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systems, and fundamental principles of several :B^ical imaging 
sodalities. The last part of the book focuses on conteaporary 
ethical and social concerns raised by the highly technological 
character of modem health care. 



Haskins, Loren and Kirk Jeffrey. Q22dsmfiQdiXlSU2Uanti£fi&iX£ 
History . Cambridge: MIT Press, 1990. 366 pages.* 

This book is mainly intended for historians and apprentice 
historians who have little background in mathematics, and for 
undergraduates who are taking history coiirses, whether they are 
history majors or not. It presents the various terms and symbols 
used by cpiantitative historians and teaches one how to analyse 
statistical charts and tables. In particular, it deals with 
statistical techniques like sampling, regression, and tests for 
statistical si.gnificance. Several practical examples are used to 
demonstrate the applications of quantitative techniques. This 
book is particularly useful for students interested in 
statistical applications in history. 



Mark, Robert. Light. Wind, and st ructure; yt^^ Techin9lftcrY 9t 

Historic Architecture . Cambridge: MIT Press, 1990. 209 pages.* 

This book covers the technological underpinnings of 
development of new large-scale building types during the three 
historic eras: ancient Rome; the period of structural 
experimentation in High Gothic architecture? and the era of the 
great Renaissance domes. All of these periods had lasting 
impacts on architectural planning. It reinterprets technological 
precedents that are often misundersto^ in contemporary 
architecture. It also presents some of the basic concepts of 
structural engineering such as tension, coa^ression, stress and 
strain, conditions of support and shear failure etc. This text 
is aimed at the general reader as well as students of 
architecture and architectural history. 



McGinn, Robert E. Science. Technology and Societv. Englewood 
Cliffs, New Jersey: Prentice Hall, 1991. 302 pages. 

This is an introductory study of science and technology in 
society with particular attention to the contemporary era in the 
West. Part One develops foundation materials useful for 
analyzing science and technology in society. It introduces 
science and technology as a field and discusses the general 
nature of science and technology in society. Part Two presents 
the influence of scientific and technological innovation on 
modem society. In particular, it deals with changes in 
individuals, institutions, and social groups, values and world 
views, and the international order. Part Three is an interesting 
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discussion on how modem society has influenced scientific and 
technological developronts. Issues of particular interests 
discussed include central agents of societal influence, types of 
influences, and the impacts of societal agents on B»dem science 
and technology. 



Truxal, John G. The Aae of Electronic Messages. Caabridge: MIT 
Press, 1990. 487 pages.* 

Presents the ideas which underlie the technology of 
communication. It shows what scientific principles drive modem 
communications systems, ^ihat their potential danger are, and how 
they ii^ct our lives. In particular, it parovides accounts of 
the origin and utility of bar codes like those used in 
supermarkets and the postal system. It also describes the way 
electronic signals are formed and used in such systems as radio, 
television, navigation, and medical imaging. Hot only is this a 
useful text for its mathezoatical and physical esqplanations, but 
also valuable for presenting the fundamentals and sociology of 
communications technology. 



Volti, Rudi. Society and Technological Change. New York: St. 
Martin's Press, 1988. 279 pages. 

Intended to be for use in courses about technology and 
society, this book presents perspectives, theories, and facts 
that will help the reader understand the consequences of 
technological change, as well as the forces that produced it. 

It is divided into six parts based on specific dimensions of 
technology. Part one introduces the nature of technology, its 
settings and its limitations. Part Two describes the process of 
technological change, specific issues discussed include 
invention and diffusion as social processes. Part Three presents 
the role of technology in the transformation of the work place. 
Parts Four and Five deal with communication and military 
technologies. They describe the basic techniques involve, and 
trace the economic, social, political, and religious consequences 
of these technologies. Some of the specific technologies 
discussed include printing, radio, and television. Part Six 
explores the interrelationship between technology and 
organizations, and the governmental control of technology. This 
book is practical in approach while discussing general processes. 
It is very useful as a general introductory textbook for 
technological literacy courses. 
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Wattengerg, Frank. Personal Mathcaatics and Coaawtina; — USSXS. 
for tAe Liberal Arts. Caiabridge: MIT Press, 1990. 556 pages.* 



Intended to teach students how to use aatheaatics to reason 
about a variety of real and iaportant probleas and hov to use 
Bathematics as a tool rather than as a concept to be studied in 
the abstract. It presents aipplications of personal coasting in 
areas like politics, economics, environx»nt, public health, and 
ecology. 

The first part of the book contains eight prograaaing 
projects %^08e aim is to teach, by example, True BASIC 
programming. Each project introduces several elements of True 
BASIC and several programming techniques. Together these 
projects provide a basic introduction to True BASIC programming 
and illustrate a variety of interesting applications and methods 
of computer-based quantitative reasoning. The se«>nd part deals 
with a number of applications of mathematics and computing to 
real problems. Student exercises are included* 

Westrum, Ron. Technolog ies & Societv; Sl]fiJSbaBizS_j2£_£sS&l£-SkSd 

Things . Belmont: Hadsworth Publishing Company, 1991. 394 
pages . 

In recent times many textboolcs and booklength case studies 
that approach technology from a historical i^rspective have been 
developed. There are a few piiblished materials that approaches 
technology from the sociological perspective. Miis work is 
intended to fill that gap. Written to serve as an educational 
resource for undergraduate and graduate courses in "Science, 
Technology and Society" (STS) , it covers basic concepts in the 
technology and society fields. Divided into five parts, contents 
are arranged in logical sequence to enable the reader to refer to 
his area of interest without the loss of continuity. Part One 
defines what is meant by technology, examines the interaction of 
technology and social systems, and presents basic definitions and 
issues. Part Two reviews two major schools of social theory 
about technology and four contemporary viewpoints. Part Three 
discusses the way technology is invented, designed, implemented 
and managed. Part Four presents the technological adaptation and 
the external effects of technology. Part Five addresses the 
ethical and value issues involved in technology and social 
change. 



Wolf son, Richard. Nuclear C hoices. A Citizen's Guide to yuclear 
Technology . Cambridge: MIT Press, 1991. 467 pages. 

Written to provide the background needed to makB well 
informed choices about nuclear technology, it introduces the 
basics of nuclear energy and radiation, nuclear power and nuclear 
weapons. 
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The book is divided into thiree parts. Part One deals vith 
the nature of the atcoi and its nucleus, vith nuclear radiation, 
and vith the fundamentals of nuclear energy. Part Tvo exaaines 
nuclear pover, including our use of energy, the operation of 
nuclear pover plants, nuclaar accidents, nuclear waste, and 
alternatives to nuclear pover. Part Three describes nuclear 
weapons, including th<&ir operation, their destructive efforts, 
delivery systems foi getting then to their targets, strategies 
for their use or non-use, the feasibility of defense against 
them, and the prospects for controlling these weapons and 
previsnting nuclear war. 



♦These were part of the NLA Program written materials 
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PR OPOSA L FOR 
TECHNOIXXSICAL LITERACY CENTER AT ABET 



To be funded by external (non-ABET) grants and contracts 

Activities to include: 

• Information clearinghouse (database on progra&s, 
people, hooks, coursevaz^, etc.) 

• Newsletter (successor to the Weaver ?) 

• Ongoing efforts of NLA Center? 

• Stimulation/guidance of appropriate projects (e.g. 
textbook development) 

Personnel 

• Center director or co-directors (par^-time) 

• Secretarial/staff support from ABET (% of time of 
specific individuals) 

• Advisory cozomittee, with external chairman 

• Newsletter editor 

Budget estimate (per year): $100,000 

• Stipends for director (s) , editor 

• ABET support personnel (including OH) 

• Operations (piiblications, mail, 

phone, travel, etc.) 
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PROPOSAL FOR 
TECHNOLOGICAL LITERA CY DEMONSTRATION PROJECT 



Three-year project, grant funded 

Activities to include: 

• Stimulate interest in development of technological 
literacy programs at colleges/universities 

• Conduct competition to select demonstration program 
institutions (approximately 10) 

• Obtain consultants to work with selected schools 

• Conduct workshops 

— bidders conference 

— selected institutions 

— progress reports 

— final results report to broad audience (at end 

of 3 years) 

• Manage the grant 

— interface to schools 

— interface to sponsor 

Personnel 

• Project director 

• Secretarial staff, graduate students 

• Consultants 

• Advisory committee 

Logistics 

• Grant to ABET/AAC, with funding to include support for 
ABET and AAC activities 

• RCJ as PI, funded part-time, with his secretary 
supported part-time, and graduate students 

• Seek support from NSF and private fovmdation(s) 
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Budget estiaate (3 year project) $ 1,800,000 

• Deaonstration projects (10) 

• Consultants, advisory coranittee 

• ABET (indluding staff tiae, 

contract adainistration, OH) 

• AAC (staff tiae, OH) 

• Workshops 

PI, Secretary, Graduate students 
(including benefits) 

Operations (phone, aail, travel, 
printing, supplies, etc.) 
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